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(54) Transceiver suitable for data communication between wearable computers 



(57) In a transceiver for inducing electric fields 
based on data to be transmitted in an electric field prop- 
agating medium and carrying out transmission and re- 
ception of data by using induced electric fields, having 
a transmission electrode and a transmission circuit, a 



transmission side switch is provided to disconnect the 
transmission circuit from the transmission electrode, 
when the transceiver is not in a transmission state in 
which the transmission circuit is supplying the transmis- 
sion data to the transmission electrode. 
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D scription 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

[0001] The present invention relates to a transceiver 
to be used for data communications between wearable 
computers (computers to be worn) for example, and 
more particularly to a transceiver for inducing electric 10 
fields based on data to be transmitted in an electric field 
propagating medium and carrying out transmission and 
reception of data by using the induced electric fields. 
[0002] The present invention also relates to an elec- 
tric field detecting optical device for detecting electric 
fields based on transmission data which are induced in 
and propagated through an electric field propagating 
medium such as a living body and converting them into 
electric signals in such a transceiver. 
[0003] The present invention also relates to a photo- 
detection circuit for detecting lights with optical charac- 
teristics changed by the detected electric fields and con- 
verting them into electric signals in such an electric field 
detecting optical device. 

DESCRIPTION OF THE RELATED ART 

[0004] Due to the progress in reducing size and im- 
proving performance of portable terminals, the wearable 
computers are attracting attentions. Fig. 1 shows an ex- 
emplary case of using such wearable computers by 
wearing them on a human body. As shown in Fig. 1 , the 
wearable computers 1 are put on arms, shoulders, tor- 
so, etc., of the human body through respective trans- 
ceivers 3 and capable of carrying out mutual data trans- 
mission and reception as well as communications with 
an externally provided PC 5 via a cable through trans- 
ceivers 3a and 3b attached at tip ends of a hand and a 
leg. 

[0005] The transceiver 3 to be used for data commu- 
nications between the wearable computers 1 in such a 
way is utilizing the signal detection technique based on 
the electro-optic method using laser lights and electro- 
optic crystals, in which electric fields based on data to 
be transmitted are induced in a living body which is an 
electric field propagating medium and data transmission 
and reception are carried out by using the induced elec- 
tric fields. 

[0006] Fig. 2 shows an exemplary configuration of the 
transceivers, which has an I/O (Input/Output) circuit 1 01 
through which the transceiver 3 is connected to the 
wearable computer 1 , and a transmission electrode 1 05 
and a reception electrode 107 provided in a vicinity of 
the living body 1 00 through insulation films 1 06 and 1 08 
respectively. In this transceiver 3, the electric fields 
based on the transmission data are induced in the living 
body 100 from the transmission electrode 105 through 
the insulation film 106, and the electric fields induced at 
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the other portion of the living body 1 00 and propagated 
through the living body 1 00 are received atthe reception 
electrode 107 through the insulation film 108. 
[0007] More specifically, in this transceiver 3, when 
the transmission data from the wearable computer 1 are 
received through the I/O circuit 101, these transmission 
data are supplied to a transmission circuit 1 03 after ad- 
justing their level at a level adjustment circuit 1 02. The 
transmission circuit 103 supplies the level adjusted 
transmission data to the transmission electrode 105, 
and the electric fields based on the transmission data 
are induced in the living body 1 00 from the transmission 
electrode 105 through the insulation film 100, such that 
the induced electric fields are propagated to the trans- 
ceiver 3 provided at the other portion of the living body 
100. 

[0008] On the other hand, when the electric fields in- 
duced at the other portion of the living body 100 and 
propagated through the living body 100 are received at 
the reception electrode 107 provided in a vicinity of the 
living body 100 through the insulation film 108, the re- 
ceived electric fields are coupled to an electric field de- 
tecting optical unit 110, converted into electric signals 
by the electro-optic method using laser light and electro- 
optic element at the electric field detecting optical unit 
1 1 0, and supplied to a signal processing circuit 1 09. 
[0009] In further detail, as shown in Fig. 3, the electric 
fields are coupled to an electro-optic crystal 131 onto 
which the laser light from a laser light source 133 is in- 
jected, so as to change the polarization state of the laser 
light. The changes of the polarization state of the laser 
light are then detected and converted into electric sig- 
nals by a polarization detecting optical system 135, and 
supplied to the signal processing circuit 109. Here, the 
laser light source 133 is operated by currents supplied 
from a current source 137. 

[0010] The signal processing circuit 109 applies sig- 
nal processings such as low noise amplification, noise 
removal, waveform shaping, etc., with respect to the 
electric signals from the electric field detecting optical 
unit 1 1 0 or the polarization detecting optical system 1 35, 
and supplies them to the wearable computer 1 through 
the I/O circuit 101 . 

[0011] In the above described conventional transceiv- 
er the transmission circuit 103 and the level adjustment 
circuit 1 02 are always connected to the transmission 
electrode 1 05, so that while the reception electrode 1 07 
are in a process of receiving the electric fields based on 
the transmission data from the other portion of the living 
body 1 00, the noises from a power source orthe like are 
supplied to the transmission electrode 105 from the 
transmission circuit 1 03 and the level adjustment circuit 
102, and the electric fields due to these noises are in- 
duced in the living body 1 00 from the transmission elec- 
trode 105 and propagated not only to the same trans- 
ceiver 3 but also to the reception electrode 1 07 of the 
other transceiver 3 as well, and this can be a cause of 
the operation error. 
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[0012] Also, in the above described conventional 
transceiver, after the level adjustment of the transmis- 
sion data received from the wearable computer 1 , the 
electric fields are induced in the living body 1 00 from the 
transmission circuit 103 through the transmission elec- 
trode 105 and the insulation film 106 and propagated 
through the living body 1 00, and these electric fields are 
received through the insulation film 108 and the recep- 
tion electrode 1 07 at the other portion of the living body 
100. However, the electric fields induced in and propa- 
gated through the living body 100 in this manner have 
weak levels, so that they have a poor S/N ratio, a high 
probability for causing the operation error, and a poor 
reliability. 

[001 3] Also, the above described transceiver requires 
the power consumption to be as small as possible be- 
cause it is to be used by being put on the living body 
100 along with the wearable computer 1 . On the other 
hand, there is no need for the laser light source 133 to 
be operated ail the times. For example, there is no need 
to operate the laser light source 133 at a time of trans- 
mission at which the electric fields are not to be re- 
ceived. However, in the above described conventional 
transceiver, the laser light source 1 33 is always operat- 
ed to generate the laser light so that it is always possible 
to detect the electric fields induced in and propagated 
through the living body 100. Consequently, there has 
been wasteful power consumption as the laser light 
source 133 is operated even in a state where there is 
no need to operate the laser light source 133 such as 
the transmission state in particular. 
[001 4] Also, for the sake of the practical realization of 
such a wearable computer, the scheme for data com- 
munications between the wearable computers is very 
important, and the conventionally available scheme for 
data communications between the wearable computers 
include a scheme for carrying out wired communications 
by connecting the transceivers connected to the wear- 
able computers by a data line and a ground line, a 
scheme for carrying out radio communications by con- 
necting the transceivers by radio, and a scheme for car- 
rying out data transmission and reception by using the 
living body as a signal line and the Earth ground with 
which the living body is in contact as a ground line (see 
PAN: Personal Area Network, IBM SYSTEMS JOUR- 
NAL, Vol. 35, Nos. 3 &4, pp. 609-617, 1996). 
[0015] However, the wired communication scheme 
requires to connect the transceivers by two cable lines, 
and in the case of carrying out data transmission and 
reception between distant wearable computers or 
among a plurality of wearable computers, it becomes 
necessary to arrange many cable lines all over the body 
so that it is not practical. 

[0016] Also, the radio communication scheme has a 
possibility of crosstalking with the other systems existing 
nearby depending on the radio frequencies and powers. 
[001 7] Also, the wearable computers are expected to 
be mostly put on the upper half body in general, but the 
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communication scheme utilizing the living body as a sig- 
nal path has a practical problem in this r gard in that the 
communications become impossible when the trans- 
ceiver of the wearable computer is arranged far from the 
5 Earth ground such as at the head for example. 

[0018] Fig. 4 shows another exemplary configuration 
of the transceiver 3, which has the I/O circuit 101 
through which the transceiver 3 is connected to the 
wearable computer 1, and the transmission electrode 
1 05 and the reception electrode 1 07 provided in a vicin- 
ity of the living body 1 00 through the insulation films 1 06 
and 108 respectively, similarly as in the transceiver of 
Figs. 2 and 3. 

[0019] More specifically, in this transceiver 3, when 
the transmission data from the wearable computer 1 are 
received through the I/O circuit 1 01 , these transmission 
data are supplied to a transmission circuit 103 after ad- 
justing their level at a level adjustment circuit 102. The 
transmission circuit 103 supplies the level adjusted 
transmission data to the transmission electrode 105, 
and the electric fields based on the transmission data 
are induced in the living body 1 00 from the transmission 
electrode 1 05 through the insulation film 100, such that 
the induced electric fields are propagated to the trans- 
ceiver 3 provided at the other portion of the living body 
100. 

[0020] On the other hand, when the electric fields in- 
duced at the other portion of the living body 100 and 
propagated through the living body 100 are received at 
the reception electrode 107 provided in a vicinity of the 
living body 100 through the insulation film 108, the re- 
ceived electric fields are coupled to an electric field de- 
tecting optical unit 1 1 0, converted into intensity changes 
of lights composed of P-polarization components and 
S-polarization components by the electro-optic method 
using laser light and electro-optic element at the electric 
field detecting optical unit 110, and supplied to a photo- 
detection circuit 120. 

[0021] The photo detection circuit 120 converts the 
light signals composed of P-polarization components 
and the S-polarization components from the electric 
field detecting optical unit 110 into electric signals. 
These electric signals are then subjected to a noise re- 
moval by a bandpass filter 1 32 and a waveform shaping 
by a waveform shaping circuit 134, and supplied as re- 
ceived data to the wearable computer 1 through the I/O 
circuit 101 . 

[0022] The photodetection circuit 120 is formed by a 
circuit called a balanced detection and single amplifica- 
tion type circuit as shown in Fig. 5, in which a midpoint 
of first and second photodiodes 91 and 93 that are con- 
nected in series between bias voltage sources (+V, -V) 
is grounded through a load resistor 95 as well as con- 
nected to an input of an amplifier 97. 
[0023] The first and second photodiodes 91 and 93 
constituting this conventional photodetection circuit 120 
are playing the role of a differential amplifier, and when 
the light signals with intensity changes in opposite phas- 
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es composed of P-poIarization components and the S- 
polarization components from the electric field detecting 
optical unit 110 are detected, the first and second pho- 
todiodes 91 and 93 produce currents generated in re- 
sponse to respective light signals such that they are 
added together at the load resistor 95 to double the cur- 
rents, and a voltage corresponding to these doubled 
currents is generated at both ends of the load resistor 
95 and supplied as an input voltage to the amplifier 97. 
[0024] Now, the laser lights generated at the electric 
field detecting optical unit 110 utilizing the electro-optic 
method contain noises generated from the laser diode 
itself or the power source in general. The light signals 
injected into the first and second photodiodes 91 and 93 
of the photodetection circuit 120 from the electric field 
detecting optical unit 110 that uses such noise mixed 
laser lights will also contain noises, so that there is a 
need to remove these noises. In the photodetection cir- 
cuit of Fig. 5, such noises mixed in the laser lights have 
the same phase and same level so that they are re- 
moved by the balanced detection made by the first and 
second photodiodes 91 and 93 and the load resistor 95, 
and they will not be entered into the amplifier 97. 
[0025] However, the noises mixed at the photodetec- 
tion circuit as shown in Fig. 5 include not only the noises 
mixed in the laser lights but also noises mixed into out- 
put current signals of the photodiodes via a metallic cas- 
ing that covers outer sides of the photodiodes 91 and 
93, for example. Such noises do not necessarily have 
the same phase and same level unlike the noises mixed 
in the laser lights, and the noise levels may vary depend- 
ing on the positional relationship between the noise 
source and the photodiodes 91 and 93 or on the way in 
which the noises are mixed, so that they cannot be re- 
moved by the conventional photodetection circuit such 
as that shown in Fig. 5. 

BRIEF SUMMARY OF THE INVENTION 

[0026] It is therefore an object of the present invention 
to provide a transceiver for enabling bidirectional com- 
munications by preventing propagation of noises from 
internal circuits to the transmission electrode, by sepa- 
rating the transmission electrode from the internal cir- 
cuits while not in the transmission state. 
[0027] It is another object of the present invention to 
provide a transceiver in which the S/N ratio is improved 
by modulating the electric fields induced in and propa- 
gated through the electric field propagating medium by 
utilizing the resonant frequency due to the inverse pie- 
zo-electric effect of the electro-optic element. 
[0028] It is another object of the present invention to 
provide a transceiver capable of reducing the power 
consumption by controlling the operation of the light 
source according to the operation state of the transceiv- 
er. 

[0029] It is another object of the present invention to 
provide an electric field detecting optical device to be 



used for carrying out the data communications using 
electric fields properly, which is suitable for use in the 
transceiver for the wearable computer, which does not 
require any cable lines, which is not radio, and which 

5 basically does not depend on the Earth ground. 

[0030] It is another object of the present invention to 
provide a photodetection circuit capable of properly re- 
moving not only the noises mixed in the laser lights but 
also the other noises that are mixed at different levels. 

w [0031] According to one aspect of the present inven- 
tion there is provided a transceiver for inducing electric 
fields based on data to be transmitted in an electric field 
propagating medium and carrying out transmission and 
reception of data by using induced electric fields, com- 

f5 prising: a transmission electrode configured to induce 
the electric fields based on the data to be transmitted in 
the electric field propagating medium; a transmission 
circuit configured to supply transmission data for caus- 
ing the transmission electrode to induce the electric 

20 fields based on the data to be transmitted in the electric 
field propagating medium, to the transmission elec- 
trode; and a transmission side switch configured to dis- 
connect the transmission circuit from the transmission 
electrode, when the transceiver is not in a transmission 

25 state in which the transmission circuit is supplying the 
transmission data to the transmission electrode. 
[0032] According to another aspect of the present in- 
vention there is provided a transceiverfor inducing elec- 
tric fields based on data to be transmitted in an electric 

30 field propagating medium and carrying out transmission 
and reception of data by using induced electric fields, 
comprising: a transmission electrode configured to in- 
duce the electric fields based on the data to be trans- 
mitted in the electric field propagating medium; a trans- 

35 mission circuit configured to supply transmission data 
for causing the transmission electrode to induce the 
electric fields based on the data to be transmitted in the 
electric field propagating medium, to the transmission 
electrode; a reception electrode configured to receive 

40 electric fields induced in and propagated through the 
electric field propagating medium; an electric field de- 
tection unit configured to detect received electric fields 
as received by the reception electrode, and convert the 
received electric fields into electric signals by causing a 

45 resonance in an electro-optic element by using the re- 
ceived electric fields; a modulation circuit configured to 
modulate the transmission data by using resonant fre- 
quencies of the electro-optic element as modulation fre- 
quencies, and supply modulated transmission data to 

50 the transmission circuit; and a demodulation circuit con- 
figured to demodulate the electric signals from the elec- 
tric field detection unit. 

[0033] According to another aspect of the present in- 
vention there is provided a transceiverfor inducing elec- 
55 trie fields based on data to be transmitted in an electric 
field propagating medium and carrying out transmission 
and reception of data by using induced electric fields, 
comprising: a light source configured to generate lights; 
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an electric field detection unit configured to detect elec- 
tric fields induced in and propagated through the electric 
field propagating medium by using lights from the light 
source, convert the electric fields into electric signals, 
and output the electric signals; and a control unit con- 
figured to control an operation of the light source accord- 
ing to an operation state of the transceiver. 
[0034] Other features and advantages of the present 
invention will become apparent from the following de- 
scription taken in conjunction with the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0035] Fig. 1 is a diagram showing an exemplary case 
of using wearable computers by putting them on a hu- 
man body through transceivers. 

[0036] Fig. 2 is a block diagram showing one exem- 
plary configuration of a conventional transceiver for a 
wearable computer. 

[0037] Fig. 3 is a block diagram showing another ex- 
emplary configuration of a conventional transceiver for 
a wearable computer. 

[0038] Fig. 4 is a block diagram showing another ex- 
emplary configuration of a conventional transceiver for 
a wearable computer. 

[0039] Fig. 5 is a circuit diagram showing an exem- 
plary configuration of a conventional photodetection cir- 
cuit to be used in the transceiver of Fig. 4. 
[0040] Fig. 6 is a block diagram showing one exem- 
plary configuration of a transceiver according to the first 
embodiment of the present invention. 
[0041] Fig. 7 is a block diagram showing another ex- 
emplary configuration of a transceiver according to the 
first-embodiment of the present invention. 
[0042] Fig. 8 is a block diagram showing one exem- 
plary configuration of a transceiver according to the sec- 
ond embodiment of the present invention. 
[0043] Fig. 9 is a block diagram showing another ex- 
emplary configuration of a transceiver according to the 
second embodiment of the present invention. 
[0044] Fig. 10 is a block diagram showing one exem- 
plary configuration of a transceiver according to the third 
embodiment of the present invention. 
[0045] Fig. 1 1 is a block diagram showing another ex- 
emplary configuration of a transceiver according to the 
third embodiment of the present invention. 
[0046] Fig. 1 2 is a graph of a laser optical power ver- 
sus time for explaining one exemplary operation of the 
transceiver of Fig. 1 0 or Fig. 1 1 . 

[0047] Fig. 1 3 is a graph of a laser optical power ver- 
sus time for explaining another exemplary operation of 
the transceiver of Fig. 1 0 or Fig. 1 1 . 
[0048] Fig. 1 4 is a graph of a laser optical power ver- 
sus time for explaining another exemplary operation of 
the transceiver of Fig. 1 0 or Fig. 1 1 . 
[0049] Fig. 15 is a diagram showing a first exemplary 
configuration of an electric field detecting optical device 



to be used in a transceiver according to the fourth em- 
bodiment of the present invention. 
[0050] Fig. 16 is a diagram showing a second exem- 
plary configuration of an electric field detecting optical 
5 device to be used in a transceiver according to the fourth 
embodiment of the present invention. 
[0051 ] Fig. 1 7 is a diagram showing a third exemplary 
configuration of an electric field detecting optical device 
to be used in a transceiver according to the fourth em- 
10 bodiment of the present invention. 

[0052] Fig. 1 8 is a diagram showing a fourth exempla- 
ry configuration of an electric field detecting optical de- 
vice to be used in a transceiver according to the fourth 
embodiment of the present invention. 
15 [0053] Fig. 1 9 is a diagram showing a fifth exemplary 
configuration of an electric field detecting optical device 
to be used in a transceiver according to the fourth em- 
bodiment of the present invention. 
[0054] Fig. 20 is a diagram showing a first exemplary 
configuration of an electric field detecting optical device 
to be used in a transceiver according to the fifth embod- 
iment of the present invention. 

[0055] Fig. 21 is a diagram showing a second exem- 
plary configuration of an electric field detecting optical 
device to be used in a transceiver according to the fifth 
embodiment of the present invention. 
[0056] Fig. 22 is a diagram showing a third exemplary 
configuration of an electric field detecting optical device 
to be used in a transceiver according to the fifth embod- 
iment of the present invention. 

[0057] Fig. 23 is a diagram showing a fourth exempla- 
ry configuration of an electric field detecting optical de- 
vice to be used in a transceiver according to the fifth 
embodiment of the present invention. 
[0058] Fig. 24 is a diagram showing a fifth exemplary 
configuration of an electric field detecting optical device 
to be used in a transceiver according to the fifth embod- 
iment of the present invention. 

[0059] Fig. 25 is a diagram showing a sixth exemplary 
configuration of an electric field detecting optical device 
to be used in a transceiver according to the fifth embod- 
iment of the present invention. 

[0060] Fig. 26 is a circuit diagram showing a first ex- 
emplary configuration of a photodetection circuit to be 
used in an electric field detecting optical device of a 
transceiver according to the sixth embodiment of the 
present invention. 

[0061] Fig. 27 is a circuit diagram showing a second 
exemplary configuration of a photodetection circuit to be 
used in an electric field detecting optical device of a 
transceiver according to the sixth embodiment of the 
present invention. 

[0062] Fig. 28 is a circuit diagram showing a third ex- 
emplary configuration of a photodetection circuit to be 
used in an electric field detecting optical device of a 
transceiver according to the sixth embodiment of the 
present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0063] Referring now to Fig. 6 and Fig. 7, the first em- 
bodiment of a transceiver according to the present in- 
vention will be described in detail. 
[0064] Fig. 6 shows a circuit configuration of a trans- 
ceiver according to the first embodiment of the present 
invention. The transceiver of Fig. 6 differs from the con- 
ventional transceiver of Fig. 2 in that a first analog switch 
104 is provided between the transmission circuit 103 
and the transmission electrode 105, a second analog 
switch 113 is provided between the signal processing 
circuit 109 and the I/O circuit 101, and a monostable 
multivibrator 111 , which is a monostable circuit that func- 
tions as a signal output unit that is operated by being 
triggered by the transmission data outputted from the I/ 
O circuit 1 01 , is provided such that its output signal con- 
trols the first analog switch 104, the second analog 
switch 113, the transmission circuit 103 and the electric 
field detecting optical unit 110. The rest of the configu- 
ration and the operation of the transceiver of Fig. 6 are 
the same as those of Fig. 2, and the same reference 
numerals are given to the corresponding elements. 
[0065] Note that the configuration of Fig. 6 can be 
modified to that shown in Fig. 7, where the transmission 
electrode 105 and the reception electrode 107 of Fig. 6 
are integrally provided as a transmission and reception 
electrode 1 05' in Fig. 7, and the insulation films 1 06 and 
1 08 of Fig. 6 are integrally provided as an insulation film 
106' in Fig. 7. 

[0066] The monostable multivibrator 111 is triggered 
by detecting a start of data packets that are the trans- 
mission data supplied from the wearable computer 1 
through the I/O circuit 1 01 , and generates a first output 
signal of a first level (high level, for example) for a pre- 
scribed period of time since the start time of the data 
packets, such as a prescribed period of time corre- 
sponding to the duration of the data packets during 
which the data packets are outputted, or generates a 
second output signal of a second level (low level, for 
example) for remaining periods of time, i.e., periods at 
which the data packets are not outputted. The monos- 
table multivibrator 111 supplies these first and second 
output signals to the first analog switch 1 04, the second 
analog switch 113, the transmission unit 103 and the 
electric field detecting optical unit 110. Namely, the first 
output signal to be outputted for a prescribed period of 
time from the monostable multivibrator 111 indicates 
that the transceiver 3 is in the transmission state, and 
the second output signal from the monostable multivi- 
brator 111 indicates that the transceiver 3 is not in the 
transmission state but in a state capable of receiving da- 
ta from the other transceivers 3. 

[0067] When the first output signal from the monosta- 
ble multivibrator 111 is supplied, the first analog switch 

1 04 is turned ON, such that the transmission electrode 

1 05 and the transmission circuit 1 03 are connected, the 
data packets constituting the transmission data supplied 



through the transmission circuit 103 are supplied to the 
transmission electrode 1 05, and the electric fields based 
on the transmission data are induced in the living body 
1 00 through the transmission electrode 1 05 and propa- 
5 gated to the other transceiver 3 provided at the other 
portion of the living body 100. 

[0068] Also, when the second output signal from the 
monostable multivibrator 1 1 1 is supplied, the first analog 
switch 104 is turned OFF, such that the transmission 

10 electrode 1 05 and the transmission circuit 1 03 are sep- 
arated, i.e., the signal path between the transmission 
electrode 1 05 and the transmission circuit 1 03 is discon- 
nected, and the noises from the power source or the like 
will not be supplied to the transmission electrode 105 

15 through the transmission circuit 103 and the level ad- 
justment circuit 1 02. As a result, the first analog switch 
104 is turned OFF while the transceiver 3 is in a state 
of not outputting the transmission data so that the elec- 
tric fields due to the noises will not be induced in the 

20 living body 100 and therefore it is possible to prevent 
the reception electrode 107 to cause the operation error 
by receiving the noise electric fields. 
[0069] On the other hand, when the first output signal 
from the monostable multivibrator 111 is supplied, the 

25 second analog switch 113 is turned OFF, such that the 
signal processing circuit 109 and the I/O circuit 101 are 
separated, i.e., the signal path between the signal 
processing circuit 109 and the I/O circuit 101 is discon- 
nected, and the noises due to the noise electric fields 

30 received by the reception electrode 1 07 will not be sup- 
plied to the I/O circuit 101 through the electric field de- 
tecting optical unit 110 and the signal processing circuit 
1 09 to cause the operation error. 

[0070] Note that, in this embodiment, the second an- 

35 alog switch 113 is connected between the signal 
processing circuit 109 and the I/O circuit 101 so as to 
disconnect the signal path between them, but it is not 
necessarily limited to this case, and it is also possible 
to provide the second analog switch 113 between the 

40 electric field detecting optical unit 110 and the signal 
processing circuit 109 so as to disconnect the signal 
path between them. In essence, it suffices to disconnect 
the propagation path of the received signals on the cir- 
cuit section subsequent to the electric field detecting op- 

45 tical unit 110. 

[0071] Also, when the second output signal from the 
monostable multivibrator 1 1 1 is supplied, the second an- 
alog switch 113 is turned ON, such that the signal 
processing circuit 109 and the I/O circuit 101 are con- 

50 nected, and the signals due to the electric fields received 
by the reception electrode 107 will be supplied to the I/ 
O circuit 101 through the electric field detecting optical 
unit 110 and the signal processing circuit 109. 
[0072] As already mentioned above, the electric field 

55 detecting optical unit 110 utilizes the signal detection 
technique based on the electro-optic method using laser 
lights and the electro-optic crystals, and internally has 
a laser diode (not shown). In this embodiment, when the 
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transceiver 3 is not in the reception state, there is no 
need to operate the electric field detecting optical unit 
1 1 0 and therefore there is no need to operate the laser 
diode, so that the laser diode provided inside the electric 
field detecting optical unit 110 is controlled to be oper- 
ated only during the reception state and not operated 
during the transmission state according to the output 
signals from the monostable multivibrator 111, so as to 
reduce the power consumption. 

[0073] Namely, when the first output signal from the 
monostable multivibrator 111 is supplied, the electric 
field detecting optical unit 1 1 0 turns the laser diode OFF, 
and when the second output signal from the monostable 
multivibrator 111 is supplied, the electric field detecting 
optical unit 110 turns the laser diode ON. 
[0074] Note that, in the above description, only the la- 
ser diode is turned ON/OFF, but it is also possible to 
apply this ON/OFF control to the entire electric field de- 
tecting optical unit 110 including the laser diode. Name- 
ly, it is also possible to control such that, when the first 
output signal from the monostable multivibrator 111 is 
supplied, the entire electric field detecting optical unit 
110 is turned OFF, and when the second output signal 
from the monostable multivibrator 111 is supplied, the 
entire electric field detecting optical unit 110 is turned 
ON. In this case, it is possible to reduce the power con- 
sumption further. 

[0075] The first and second output signals from the 
monostable multivibrator 111 are also supplied to the 
transmission circuit 103, and the transmission circuit 
103 has a built-in switch that is turned ON/OFF by the 
first and second output signals from the monostable 
multivibrator 111 such that, when the first output signal 
from the monostable multivibrator 111 is supplied, this 
switch is turned ON and the power to operate the trans- 
mission circuit 103 is supplied, and when the second 
output signal from the monostable multivibrator 111 is 
supplied, this switch is turned OFF and the powersupply 
is stopped so that the operation of the transmission cir- 
cuit 103 is stopped, for example. As a result, it is possi- 
ble to reduce the power consumption by the transmis- 
sion circuit 103 while the transceiver is in a state other 
than the transmission state, i.e., the reception state or 
the reception waiting state. 

[0076] Note that, in the above description, the first an- 
alog switch 104 is turned ON to connect the transmis- 
sion circuit 1 03 to the transmission electrode 1 05 by the 
first output signal from the monostable multivibrator 1 1 1 
which is outputted for a prescribed period of time since 
the start time of the data packets, and turned OFF to 
separate the transmission circuit 1 03 from the transmis- 
sion electrode 1 05 during the other periods at which the 
second output signal is outputted from the monostable 
multivibrator 111. In this regard, in essence, it suffices 
to turn the first analog switch 104 ON to connected the 
transmission circuit 103 to the transmission electrode 
105 only while the transceiver 3 is in the transmission 
state, and to turn the first analog switch 1 04 OFF to sep- 



arate the transmission circuit 1 03 from the transmission 
electrode 1 05 while the transceiver 3 is not in the trans- 
mission state such that the noises from the level adjust- 
ment circuit 1 02 and the transmission circuit 1 03 will not 
5 induce the noise electric fields in the living body 100. 
[0077] Similarly, in the above description, the second 
analog switch 113 is turned OFF to separate the signal 
processing circuit 109 from the I/O circuit 101 when the 
first output signal from the monostable multivibrator 1 1 1 

10 is supplied, and turned ON to connect the signal 
processing circuit 109 to the I/O circuit 101 during the 
other periods at which the second output signal is out- 
putted from the monostable multivibrator 111 . In this re- 
gard, in essence, it suffices to turn the second analog 

15 switch OFF to separate the signal processing circuit 1 09 
from the I/O circuit 101 only while the transceiver 3 is in 
the transmission state, and to turn the second analog 
switch 113 ON to connect the signal processing circuit 
109 to the I/O circuit 101 while the transceiver 3 is not 

20 in the transmission state such that the data due to the 
electric fields received by the reception electrode 107 
can be propagated to the I/O circuit 101 . 
[0078] As described, according to the first embodi- 
ment, the transmission circuit is separated from the 

25 transmission electrode by the first analog switch when 
the transceiver is not in the transmission state, so that 
it is possible to prevent the noises of the power source 
or the like from the transmission circuit to induce the 
noise electric fields in the electric field propagating me- 

30 dium and being propagated to the receiving side in the 
reception state or the reception waiting state, and there- 
fore it becomes possible to carry out the bidirectional 
communication operation properly without the operation 
error. 

35 [0079] Also, according to the first embodiment, the 
electric field detecting optical unit is separated from the 
signal processing circuit or the signal processing circuit 
is separated from the circuit subsequent to the signal 
processing circuit by the second analog switch when the 

40 transceiver is in the transmission state, so that it is pos- 
sible to prevent the transmission data to be propagated 
to the receiving side of the same transceiver, and there- 
fore it becomes possible to carry out the bidirectional 
communication operation properly. 

45 [0080] Also, according to the first embodiment, the 
transmission is made possible by turning the transmis- 
sion path ON for a prescribed period of time since the 
start of the data packets, and the transmission path is 
turned OFF for the other periods, so that it is possible 

50 to identify the transmission state accurately and easily 
according to the data packets, and the signal path of the 
transmission circuit is turned OFF in the reception state 
or the reception waiting state, so that it is possible to 
prevent the noises of the power source or the like to in- 

55 duce the noise electric fields in the electric field propa- 
gating medium and being propagated to the receiving 
side, and therefore it becomes possible to carry out the 
bidirectional communication operation properly without 
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the operation error. 

[0081] Also, according to the first embodiment, the 
transmission circuit is operated by supplying the power 
while the first output signal is outputted from the mon- 
ostable multivibrator, and the operation of the transmis- 
sion circuit is stopped by stopping the power supply 
while the second output signal is outputted from the 
monostable multivibrator, so that it is possible to prevent 
the noises of the power source or the like from the trans- 
mission circuit to induce the noise electric fields in the 
electric field propagating medium and being propagated 
to the receiving side in the reception state or the recep- 
tion waiting state, and therefore it becomes possible to 
carry out the proper operation, and it becomes possible 
to reduce the power consumption by the transmission 
circuit in the reception state or the reception waiting 
state. 

[0082] Also, according to the first embodiment, the 
operation of the electric field detecting optical unit is 
stopped by stopping the power supply while the first out- 
put signal is outputted from the monostable multivibra- 
tor, and the electric field detecting optical unit is operat- 
ed by supplying the power while the second output sig- 
nal is outputted from the monostable multivibrator, so 
that it is possible to prevent the transmission data to be 
propagated to the receiving side of the same transceiv- 
er, and therefore it becomes possible to carry out the 
proper operation, and it becomes possible to reduce the 
power consumption by the electric field detecting optical 
unit in the transmission state. 

[0083] Referring now to Fig. 8 and Fig. 9, the second 
embodiment of a transceiver according to the present 
invention will be described in detail. 
[0084] Fig. 8 shows a circuit configuration of a trans- 
ceiver according to the second embodiment of the 
present invention. The transceiver of Fig. 8 differs from 
the conventional transceiver of Fig. 2 in that a modula- 
tion circuit 121 is provided between the level adjustment 
circuit 102 and the transmission circuit 103, and a de- 
modulation circuit 123 is provided between the electric 
field detecting optical unit 1 1 0 and the signal processing 
circuit 1 09. The rest of the configuration and the opera- 
tion of the transceiver of Fig. 8 are the same as those 
of Fig. 2, and the same reference numerals are given to 
the corresponding elements. 

[0085] Note that the configuration of Fig. 8 can be 
modified to that shown in Fig. 9, where the transmission 
electrode 1 05 and the reception electrode 1 07 of Fig. 8 
are integrally provided as a transmission and reception 
electrode 1 05' in Fig. 9, and the insulation films 1 06 and 
1 08 of Fig. 8 are integrally provided as an insulation film 
106' in Fig. 9. 

[0086] In the transceiver 3 of Fig. 8, the electro-optic 
element utilized for the electro-optic method of the elec- 
tric field detecting optical unit 110 has the electro-optic 
characteristic such that, when it is coupled with the elec- 
tric field, its birefringence changes due to the Pockels 
effect which is the primary electro-optic effect, and when 



the laser light is injected in this state, it changes the po- 
larization state of the laser light. In addition, the electro- 
optic element also exhibits the phenomenon called in- 
verse piezo-electric effect such that when it is coupled 
5 with the electric field, its crystal is physically distorted. 
The polarization of the laser light is also changed by this 
distortion due to the inverse piezo-electric effect (the 
photoelasticity effect). 

[0087] Also, when the electric field to be coupled to 

10 the electro-optic element is changed at some frequency, 
the physical distortion of the electro-optic element also 
changed at that frequency, and when this change reso- 
nates with a distance between opposite faces of the 
electro-optic element, the polarization change of the la- 

*s ser light becomes extremely large, 

[0088] The transceiver 3 of Fig. 8 utilizes a resonant 
frequency that causes this resonance effect for the pur- 
pose of the modulation of the transmission data, so as 
to improve the S/N ratio. Note that the electro-optic el- 

20 ement has a plurality of resonant frequencies, so that 
for the purpose of the modulation, arbitrary two resonant 
frequencies corresponding to the high level and the low 
level of the transmission data are utilized as the digital 
modulation frequencies, and these two digital modula- 

25 tion frequencies are supplied to the modulation circuit 
121 and the demodulation circuit 123. 
[0089] The modulation circuit 121 modulates the 
transmission data from the level adjustment circuit 102 
by using these two digital modulation frequencies and 

30 supplies the modulated transmission data to the trans- 
mission circuit 103. The transmission circuit 103 sup- 
plies the modulated transmission data from the modu- 
lation circuit 121 to the transmission electrode 105. The 
transmission electrode 105 induces the electric fields 

35 corresponding to the modulated transmission data in the 
living body 100 through the insulation fiim 106. 
[0090] The electric fields induced in the living body 
1 00 in this manner are then propagated to the transceiv- 
er 3 provided at the other portion of the living body 1 00. 

^0 At this transceiver 3, the reception electrode 107 re- 
ceives the electric fields through the insulation film 108 
and couples them to the electric field detecting optical 
unit 110. 

[0091] In the electric field detecting optical unit 110, 
^5 the electro-optic element is resonated by the coupled 
electric fields to increase the polarization changes of the 
laser light, and the electric signals modulated at the two 
digital modulation frequencies are supplied to the de- 
modulation circuit 123. 
50 [0092] The demodulation circuit 1 23 demodulates the 
electric signals supplied from the electric field detecting 
optical unit 110 by using the two digital modulation fre- 
quencies, and supplies them to the signal processing 
circuit 1 09. The signal processing circuit 1 09 applies sig- 
55 nal processings such as low noise amplification, noise 
removal, waveform shaping, etc., with respect to the de- 
modulated electric signals from the demodulation circuit 
123, and supplies them to the wearable computer 1 
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through the I/O circuit 101 . 

[0093] As described, according to the second mbod- 
iment, the transmission data are modulated by the res- 
onant frequencies of the electro-optic element, and the 
modulated transmission data are propagated by induc- 
ing the electric fields in the electric field propagating me- 
dium from the transmission electrode. Then, the propa- 
gated electric fields are received by the reception elec- 
trode, the electro-optic element of the electric field de- 
tecting optical unit is resonated to convert them into 
electric signals, and these electric signals are demodu- 
lated. Consequently, the polarization changes become 
extremely large due to the resonance of the electro-optic 
element, and the transmission and reception are carried 
out by using the modulated electric signals, so that the 
S/N ratio can be improved, the operation error can be 
eliminated, and the reliability can be improved. 
[0094] Also, according to the second embodiment, 
the transmission data are modulated by using arbitrary 
two resonant frequencies as digital modulation frequen- 
cies corresponding to the high level and the low level of 
the transmission data, so that the S/N radio can be im- 
proved, the operation error can be eliminated, and the 
reliability can be improved. 

[0095] Referring now to Fig. 10 to Fig. 14, the third 
embodiment of a transceiver according to the present 
invention will be described in detail. 
[0096] Fig. 1 0 shows a circuit configuration of a trans- 
ceiver according to the third embodiment of the present 
invention. The transceiver of Fig. 1 0 differs from the con- 
ventional transceiver of Fig. 3 in that a control circuit 1 41 
is provided and the current source 1 37 for operating the 
laser light source 133 is controlled by this control circuit 
141 . The rest of the configuration and the operation of 
the transceiver of Fig. 10 are the same as those of Fig. 
3, and the same reference numerals are given to the 
corresponding elements. 

[0097] Note that the configuration of Fig. 10 can be 
modified to that shown in Fig. 11, where the transmis- 
sion electrode 105 and the reception electrode 107 of 
Fig. 1 0 are integrally provided as a transmission and re- 
ception electrode 105 1 in Fig. 11 , and the insulation films 
106 and 108 of Fig. 10 are integrally provided as an in- 
sulation film 106' in Fig. 11. 

[0098] The control circuit 1 41 monitors the operation 
state of the transceiver 3, controls the current source 
137 that supplies currents to the laser light source 1 33 
according to the operation state, and imposes the limi- 
tation such as that in which the operation of the laser 
light source 133 is stopped in the transmission state in 
which the laser light is unnecessary, for example, so as 
to reduce the power consumption of the transceiver 3. 
[0099] More specifically, the transceiver 3 has the 
transmission state, the reception state, the waiting state, 
and the communicating mode state, and in this embod- 
iment, as shown in a graph of the laser optical power 
versus time shown in Fig. 1 2, the control circuit 1 41 con- 
trols the current source 1 37 to supply the currents to the 



laser light source 133 only wh n the transceiver 3 is in 
the reception state, i.e., whenever the control unit 141 
judges that the transceiver 3 is in the reception state 
during either one of the waiting state and the communi- 

5 eating mode state, such that the laser Kght source 133 
generates the stationary level or full state laser light, so 
that the electric fields from the other transceivers can 
be received. Note that, in Fig. 12, the reception state 
and the transmission state are indicated by "receive" 

10 and "transmit" described over graphs representing the 
laser optical powers. 

[0100] Then, the control circuit 141 controls the cur- 
rent source 137 not to supply the currents to the laser 
light source 133 in the states other than the reception 
is state, such that the output of the laser light from the laser 
light source 133 is stopped and the power consumption 
is reduced. 

[0101] Fig. 13 shows another graph of the laser opti- 
cal power versus time for explaining another exemplary 

20 operation of the transceiver 3 according to this third em- 
bodiment of the present invention. 
[0102] In this case, the configuration of the transceiv- 
ers is the same as that shown in Fig. 10, but the control 
by the control circuit 141 is different. 

25 [0103] Namely, in this case, when the control circuit 
141 judges that the transceiver 3 is in the reception 
state, the control circuit 1 41 controls the current source 
137 to supply the currents of the stationary level to the 
laser light source 133 during this reception state, such 

30 that the laser light source 1 33 generates the stationary 
level of full state laser light, so that the electric fields 
from the other transceivers can be received, similarly as 
in the case of Fig. 12. 

[0104] On the other hand, in the case of the states 

35 other than the reception state, if the laser light output 
from the laser light source 1 33 is stopped as in the case 
of Fig. 12, there can be cases where the laser light 
source 133 cannot be re-activated quickly when an at- 
tempt is made to operate the laser light source 1 33 from 

40 this stopped state. 

[0105] For this reason, in the case shown in Fig. 13, 
the control circuit 1 41 controls the current source 1 37 to 
supply the currents at a prescribed low level that is lower 
than the stationary level to the laser light source 133 in 

45 the states other than the reception state, such that the 
laser light source 1 33 is not completely turned OFF and 
maintained at some small power of the warming up level 
even in the states other than the reception state. In this 
way, even when the state changes to the reception state 

50 from this state, the laser light source 1 33 can be re-ac- 
tivated quickly to generate the stationary level or full 
state laser light when the stationary level currents are 
supplied. Note that, in Fig. 13, the reception state and 
the transmission state are indicated by "receive" and 

55 "transmit" described over graphs representing the laser 
optical powers, similarly as Fig. 12. 
[01 06] Note that it suffices for the currents of the pre- 
scribed low level to be the minimum necessary currents 
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such that the laser light source 1 33 can be re-activated 
quickly to generate the stationary level or full state laser 
light when the stationary level currents for enabling the 
generation of the stationary level or full state laser light 
are supplied in the state where the currents of the pre- 
scribed low level are supplied. 

[0107] By maintaining the laser light source 133 at 
some small power without turning it OFF completely by 
supplying the low level currents to the laser light source 
133 in the states other than the reception state as de- 
scribed above, the powerconsumption will be increased 
slightly compared with the case of Fig. 12, but the re- 
activation of the laser light source 133 can be made 
quick, the operation error in the reception state can be 
eliminated, and the reliability can be improved. 
[0108] Fig. 1 4 shows another graph of the laser opti- 
cal power versus time for explaining another exemplary 
operation of the transceiver 3 according to this third em- 
bodiment of the present invention. 
[01 09] In this case, the configuration of the transceiv- 
er 3 is the same as that shown in Fig. 1 0, but the control 
by the control circuit 141 is different. 
[0110] Namely, in this case, the control circuit 141 
controls the current source 137 to supply the stationary 
level currents to the laser light source 1 33 such that the 
laser light source 133 generates the stationary level or 
full state laser light, both in the reception state and the 
transmission state during the communicating mode 
state when the transceiver 3 is in the communicating 
mode state, as indicated in the second half of Fig. 14, 
so as to improve the reliability of the transmission and 
reception in the case where the transmission and the 
reception are alternated repeatedly in succession as in 
the case of the communicating mode state. 
[01 1 1 ] Also, besides the communicating mode state, 
the control circuit 1 41 controls the current source 1 37 to 
supply the stationary level currents to the laser light 
source 133 such that the laser light source 133 gener- 
ates the stationary level or full state laser light in the re- 
ception state, i.e., the reception state during the waiting 
state, as indicated in the first half of Fig. 1 4, similarly as 
in the case of Fig. 13. Then, the control circuit 141 con- 
trols the current source 1 37 to supply the currents at a 
prescribed low level that is lower than the stationary lev- 
el to the laser light source 133 in the states other than 
the reception state during the waiting state, such that 
the laser light source 1 33 is not completely turned OFF 
and maintained at some small power of the warming up 
level even in the states other than the reception state. 
In this way, even when the state changes to the recep- 
tion state from this state, the laser light source 133 can 
be re-activated quickly to generate the stationary level 
or full state laser light when the stationary level currents 
are supplied. Note that, in Fig. 14, the reception state 
and the transmission state are indicated by "receive" 
and "transmit" described over graphs representing the 
laser optical powers, similarly as Fig. 13. 
[0112] Note that the above description is directed to 



the case of using the laser light source 133, but this em- 
bodiment is not necessarily limited to the case of using 
the laser light source. 

[0113] As described, according to this embodiment, 
5 the operation of the light source is controlled according 
to the operation state of the transceiver, so that it is pos- 
sible to reduce the power consumption by stopping the 
operation of the light source when the transceiver is in 
the transmission state that does not require the light 
10 source, for example. 

[0114] Also, according to this embodiment, the light is 
generated from the light source by supplying the cur- 
rents to the light source only when the transceiver is in 
the reception state, so that it is possible to reduce the 
15 power consumption as the currents are not supplied to 
the light source in the states other than the reception 
state. 

[01 1 5] Also, according to this embodiment, the light is 
generated from the light source by supplying the cur- 

20 rents to the light source when the transceiver is in the 
reception state, and the low level currents are supplied 
to the light source in the states other than the reception 
state to maintain the light source at some small power, 
such that the re-activation of the light source can be 

25 made quick, the operation error in the reception state is 
eliminated, and the reliability can be improved. 
[01 16] Also, according to this embodiment, the light is 
generated from the light source by supplying the cur- 
rents to the light source when the transceiver is in the 

30 reception state or in the communicating mode state, and 
the low level currents are supplied to the light source in 
the other states, so as to improve the reliability of the 
transmission and reception in the case where the trans- 
mission and the reception are alternated repeatedly in 

35 succession as in the case of the communicating mode 
state. Also, the low level currents are supplied to the 
light source in the other states to maintain the light 
source at some small power, such that the re-activation 
of the light source can be made quick, the operation er- 

40 ror in the reception state is eliminated, and the reliability 
can be improved. 

[0117] Referring now to Fig. 15 to Fig. 19, the fourth 
embodiment of the present invention related to the elec- 
tric field detecting optical device will be described in de- 
45 tail. 

[0118] Fig. 15 shows a first exemplary configuration 
of the electric field detecting optical device according to 
this embodiment. 

[0119] The electric field detecting optical device 1 1 of 
50 Fig. 1 5 is to be used as the electric field detecting optical 
unit 11 0 in the transceiver 3 of the first to third embodi- 
ments described above, in the case of putting the wear- 
able computer 1 on the living body 1 00 which is an elec- 
tric field propagating medium and enabling the data 
55 communications with the other wearable computers and 
data communication devices. 

[0120] The electric field detecting optical device 11 of 
Fig. 15 detects the electric fields by the electro-optic 
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method using laser lights and electro-optic crystals, and 
has a laser diode 21 constituting a laser light source and 
an electro-optic element 23 in a form of an electro-optic 
crystal. Note that the electro-optic element 23 of this em- 
bodiment is sensitive only to electric fields coupled in a 
direction perpendicular to a propagating direction of the 
laser light from the laser diode 21, where the optical 
characteristic, i.e., the birefringence, is changed by the 
electric field strength and the polarization of the laser 
light is changed by the change of the birefringence. 
[0121] Note also that the laser light outputted from the 
laser diode 21 is used in this embodiment, but it is not 
necessarily limited to the laser light and it suffices to be 
a single wavelength light, so that it is also possible to 
use the light outputted from a light emitting diode (LED), 
for example. This applies equally to the subsequent ex- 
emplary configurations of this embodiment as well. 
[0122] Also, the electro-optic element 23 preferably 
has a square pillar shape, but it is not necessarily limited 
to the square pillar shape and it may be any other shape 
such as a cylindrical shape. 

[0123] On two opposing side faces along the vertical 
direction in the figure of the electro-optic element 23, 
first and second electrodes 25 and 27 are provided. 
Note that the first and second electrodes 25 and 27 are 
arranged such that they are pinching a propagating di- 
rection of the laser light from the laser diode 21 in the 
electro-optic element 23 from both sides and coupling 
the electric field perpendicularly with respect to the laser 
light as will be described below. 

[0124] The electric field detecting device 11 has a sig- 
nal electrode 29 that constitutes the reception electrode 
1 07 of the transceiver 3, and this signal electrode 29 is 
connected to the first electrode 25. Also, the second 
electrode 27 facing against the first electrode 25 is con- 
nected to a ground electrode 31 , such that it functions 
as a ground electrode with respect to the first electrode 
25. Note that the ground electrode 31 functions as a 
ground by being connected to a battery of the transceiv- 
er 3 or a large metal, for example, and plays a role of 
improving the coupling of the electric field from the first 
electrode 25 to the electro-optic element 23, but the 
ground electrode 31 is not absolutely necessary. This 
equally applies to the subsequent exemplary configura- 
tions of this embodiment as well. 

[0125] The signal electrode 29 constitutes the recep- 
tion electrode 107, which detects the electric fields in- 
duced in and propagated through the living body 100, 
propagates these electric fields to the first electrode 25, 
and couples them to the electro-optic element 23 
through the first electrode 25. 

[0126] The laser light outputted from the laser diode 
21 is turned into parallel beam through a collimating lens 
33, and the parallel beam of the laser light is injected 
into the electro-optic element 23 after its polarization 
state is adjusted by a first wave plate 35. The laser light 
injected into the electro-optic element 23 is propagated 
between the first and second electrodes 25 and 27, and 
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while this laser light is propagating, the signal electrode 
29 detects the electric field induced in and propagated 
through the living body 1 00 as described above and cou- 
ples this electric field to the electro-optic element 23 
5 through the first electrode 25. This electric field is formed 
from the first electrode 25 toward the second electrode 
27 connected to the ground electrode 31 , and because 
it is perpendicular to the propagating direction of the la- 
ser light injected into the electro-optic element 23 from 
the laser diode 21 , the birefringence as the optical char- 
acteristic of the electro-optic element 23 is changed as 
described above, and as a result the polarization of the 
laser light is changed. 

[0127] The laser light with the polarization changed 
by the electric field from the first electrode 25 i n the elec- 
tro-optic element 23 in this way is then injected into the 
polarizing beam splitter 39 after its polarization state is 
adjusted by the second wave plate 37. The polarizing 
beam splitter 39 constitutes an analyzer and is also 
called a polarizer, which splits the laser light into the P- 
polarization component and the S-polarization compo- 
nent and converts them into the light intensity changes. 
The P-polarization component and the S-polarization 
component split from the laser light by the polarizing 
beam splitter 39 are respectively collected by the first 
and second focusing lenses 41a and 41 b and supplied 
into the first and second photodiodes 43a and 43b that 
constitute the photo-electric conversion unit, such that 
the P-polarization light signal and the S-polarization 
light signal are converted into the respective electric sig- 
nals and outputted from the first and second photodi- 
odes 43a and 43b. 

[0128] Note that, in this embodiment, both the P-po- 
larization component and the S-polarization component 
split by the polarizing beam splitter 39 are converted into 
the electric signals and outputted by the first and second 
photodiodes 43a and 43b respectively, but it is also pos- 
sible to provide only one of the first and second photo- 
diodes 43a and 43b and only one of the first and second 
focusing lenses 41 a and 41 b such that only one of the 
P-polarization component and the S-polarization com- 
ponent is converted into the electric signals and output- 
ted. This also applies to the other exemplary configura- 
tions of the electric field detecting optical device accord- 
ing to this embodiment. 

[0129] As described above, the electric signals out- 
putted from the first and second photodiodes 43a and 
43b are applied with the signal processings such as the 
amplification, the noise removal and the waveform 
shaping at the signal processing circuit 109 and then 
supplied to the wearable computer 1 through the I/O cir- 
cuit 101. 

[01 30] Next, Fig. 16 shows a second exemplary con- 
figuration of the electric field detecting optical device ac- 
cording to this embodiment. 

[0131] The electric field detecting optical device 1 2 of 
Fig. 16 differs from that of Fig. 15 in that the two non- 
opposing side faces 23a and 23b of the electro-optic el- 
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ement 23 are shaped obliquely with respect to the prop- 
agating direction of the laser light to form slope sections. 
The rest of the configuration and the operation of the 
electric field detecting optical device 1 2 are the same as 
those of Fig. 15. 5 
[0132] The electro-optic element 23 has a property 
that, when the electric field is applied, it exhibits the phe- 
nomenon called inverse piezo-electric effect in which 
the crystal constituting the electro-optic element 23 is 
physically distorted. The polarization of the laser light is 
changed by the distortion due to this inverse piezo-elec- 
tric effect, but this change is usually small. However, 
when the electric field is changed at a certain frequency, 
the physical distortion of the electro-optic element 23 is 
also changed at that frequency, and when this change 
resonates with the distance between the opposing faces 
of the crystal, the effect becomes large and the polari- 
zation change becomes quite large. When such a res- 
onance occurs, the waveform will be distorted to cause 
the communication error. 

[0133] For this reason, in the electric field detecting 
optical device 1 2 of Fig. 1 6, two non-opposing side faces 
23a and 23b of the electro-optic element 23 are shaped 
obliquely in order to prevent such a resonance due to 
the inverse piezo-electric effect from occurring. Note 
that the slope angle with respect to the propagating di- 
rection of the laser light is preferably 0.5° to 1.0°. By 
preventing the resonance by shaping the side faces 23a 
and 23b of the electro-optic element 23 obliquely in this 
way, it is possible to flatten the frequency characteristic, 
so that it becomes possible to surely prevent the com- 
munication error due to the waveform distortion. 
[0134] Next, Fig. 17 shows a third exemplary config- 
uration of the electric field detecting optical device ac- 
cording to this embodiment. 

[01 35] The electric fieid detecting optical device 1 3 of 
Fig. 17 is similar to that of Fig. 15 in that it has the laser 
diode 21 and the electro-optic element 23 and detects 
the electric fields by the electro-optic method, but differs 
from that of Fig. 1 5 in that, in contrast to the electric field 
detecting optical device 11 of Fig. 15 which is a trans- 
mission type in which the laser light transmits through 
the electro-optic element 23, the electric field detecting 
optical device 13 of Fig. 1 7 is a reflection type in which 
a reflection film 51 is provided at an end face on opposite 
side of an end face of the electro-optic element 23 at 
which the laser light from the laser diode 21 is injected, 
such that the laser light propagated through the electro- 
optic element 23 is reflected by the reflection film 51 and 
outputted from the injection end face. 
[0136] Namely, the electric field detecting optical de- 
vice 1 3 of Fig. 1 7 is similar to the electric field detecting 
optical device 11 of Fig. 15 in that it has a collimating 
lens 33 for turning the laser light from the laser diode 21 
into the parallel beam, the first and second electrodes 
25 and 27 provided at two opposing side faces of the 
electro-optic element 23, the signal electrode 29 and the 
ground element 31 connected to the first and second 



electrodes 25 and 27 respectively, the first and second 
focusing lenses 41 a and 41 b for collecting the P-polar- 
ization component and the S-polarization component of 
the laser light, and the first and second photodiodes 43a 
and 43b for respectively converting the P-polarization 
light signal and the S-polarization light signal collected 
by thefirstand second focusing lenses 41 a and 41b into 
electric signals. 

[0137] In addition to these constituent elements, the 
electric field detecting optical device 13 of Fig. 17 has 
an optical isolator 61 for passing the laser light injected 
from the collimating lens 33 toward the electro-optic el- 
ement 23, splitting the returning laser light reflected by 
the reflection film 51 of the electro-optic element 23 into 
the P-polarization component and the S-polarization 
component, and converting them into the light intensity 
changes, and a second wave plate 63 for adjusting the 
polarization state of the laser light, which are provided 
between the collimating lens 33 and the electro-optic el- 
ement 23, where the optical isolator 61 comprises a first 
polarizing beam splitter 53, a first wave plate 55 formed 
by a A/2 wave plate, a Faraday element 57, and a sec- 
ond beam splitter 59. 

[0138] In the optical isolator 61, the first polarizing 
beam splitter 53 passes the laser light from the collimat- 
ing lens 33 while splitting the P-polarization component 
or the S-polarization component from the reflected light 
coming from the electro-optic element 23, converting it 
into the light intensity change and injecting it into the first 
focusing lens 41 a. The first wave plate 55 formed by the 
A/2 wave plate adjusts the polarization state of the laser 
light coming from the collimating lens 33 by passing 
through the first polarizing beam splitter 53 and the re- 
flected light coming from the electro-optic element 23. 
The Faraday element 57 rotates the polarization plane 
of the iaser light with its polarization state adjusted by 
the first wave plate 55 and the reflected light coming 
from the electro-optic element 23. The second polariz- 
ing beam splitter 59 passes the laser light coming from 
the Faraday element 57 to the electro-optic element 23, 
while splitting the S-polarization component or the P- 
polarization component from the reflected light coming 
from the electro-optic element 23, converting it into the 
light intensity change and injecting it into the second fo- 
cusing lens 41b. 

[0139] In further detail, the optical isolator 61 passes 
the laser light coming from the collimating lens 33, and 
the second wave plate 63 adjusts the polarization state 
of the laser light and injects it into the electro-optic ele- 
ment 23. While this injected laser light propagates 
through the electro-optic element 23 between the first 
and second electrodes 25 and 27, the signal electrode 
29 detects the electric "field induced in and propagated 
through the living body 1 00 and couples this electric field 
to the electro-optic element 23 through the first elec- 
trode 25. This electric field is formed from the first elec- 
trode 25 toward the second electrode 27 connected to 
the ground electrode 31 , and because it is perpendicular 
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to the propagating direction of the laser light injected into 
the electro-optic element 23 from the laser diode 21 , the 
birefringence as the optical characteristic of the electro- 
optic element 23 is changed, and as a result the polar- 
ization of the laser light is changed. 
[0140] The laser light with the polarization state 
changed as a result of passing through the electro-optic 
element 23 with the optical characteristic changed by 
the electric field then reaches to the reflection film 51 
and is reflected by the reflection film 51 . The polarization 
state is similarly changed wh ile returning in the opposite 
direction through the electro-optic element 23, and the 
laser light outputted from the electro-optic element 23 is 
injected into the optical isolator 61 , split into the P-po- 
larization component and the S-polarization component 
and converted into light intensity changes and outputted 
by the first and second polarizing beam splitters 53 and 
59 of the optical isolator 61 . 

[0141] The P -polarization component and the S-po- 
larization component of the laser light outputted from the 
first and second polarizing beam splitters 53 and 59 of 
the optical isolator 61 in this way are then collected by 
the first and second focusing lenses 41a and 41b, and 
injected into the first and second photodiodes 43a and 
43b, where they are converted into electric signals and 
outputted, 

[0142] In this exemplary configuration, the laser light 
passes through the electro-optic element 23 back and 
forth by being reflected at the reflection film 51 so that 
it has a long optical path length for which it is influenced 
by the electric field, and therefore the large polarization 
change is caused to the laser light and the large signal 
can be obtained. Consequently, the sufficient sensitivity 
can be obtained even by the electro-optic element in a 
small size, so that it becomes possible to realize the 
electric field detecting optical device in a smaller size at 
low cost. 

[01 43] Next, Fig. 1 8 shows a fourth exemplary config- 
uration of the electric field detecting optical device ac- 
cording to this embodiment. 

[01 44] The electric field detecting optical device 1 4 of 
Fig. 18 differs from that of Fig. 17 in that the two non- 
opposing side faces of the electro-optic element 23 are 
shaped obliquely with respect to the propagating direc- 
tion of the laser light to form slope sections, so as to 
prevent the resonance due to the inverse piezo-electric 
effect of the electro-optic element 23, flatten the fre- 
quency characteristic, and prevent the communication 
error due to the waveform distortion from occurring. The 
rest of the configuration and the operation of the electric 
field detecting optical device 14 are the same as those 
of Fig. 17. 

[01 45] Note that in Fig. 1 8, only an upper side face of 
the electro-optic element 23 is shown to be shaped ob- 
liquely, but a side face adjacent to and not opposing this 
upper side face is actually also shaped obliquely. 
[0146] Next, Fig. 19 shows a fifth exemplary configu- 
ration of the electric field detecting optical device ac- 



cording to this embodiment. 

[01 47] The electric field detecting optical device 1 5 of 
Fig. 1 9 is similar to that of Fig. 15 in that it has the laser 
diode 21 and the electro-optic element 23 and detects 
the electric fields by the electro-optic method, but differs 
from that of Fig. 15 in that, in contrast to the electric field 
detecting optical device 11 of Fig. 15 which is a straight 
transmission type in which the laser light transmits 
through the electro-optic element 23 straight, the elec- 
tric field detecting optical device 15 of Fig. 19 is a mul- 
tiple reflection transmission type in which the laser light 
transmits through the electro-optic element 23 while 
making multiple reflections. 

[0148] Note that the electro-optic element 23 is basi- 
cally the same as before in that it has a sensitivity for 
the electric field perpendicular to the propagating direc- 
tion of the laser light and changes its optical character- 
istic according to the coupled electric field strength sim- 
ilarly as in the above, but the propagating direction of 
the laser light and the direction of the electric field need 
not be strictly perpendicular, and it suffices to be nearly 
perpendicular as shown in Fig. 19, i.e., it may be devi- 
ated somewhat from being strictly perpendicular. 
[01 49] In order to make the multiple reflections of the 
laser light in the electro-optic element 23 while coupling 
the electric field nearly perpendicularly with respect to 
the propagating direction of the multiply reflected laser 
light in this way, the electric field detecting optical device 
1 5 of Fig. 1 9 has first and second reflection films 71 and 
73 provided on two side faces that are opposing to each 
other along a direction perpendicular to an opposing di- 
rection of the side faces of the electro-optic element 23 
on which the first and second electrodes 25 and 27 are 
provided, such that the laser light is multiply reflected 
between these first and second reflection films 71 and 
73. Note that the rest of the configuration is basically the 
same as that of Fig. 15. 

[0150] Then, the laser light from the laser diode 21 is 
turned into the parallel beam by the collimating lens 33, 
and after its polarization state is adjusted by the first 
wave plate 35, it is injected into the electro-optic element 
23 from a space between the second reflection film 73 
and the first electrode 25 toward the first reflection film 
71 such that it is nearly perpendicular to the electric field 
between the first and second electrodes 25 and 27, mul- 
tiply reflected by repeating the operation as shown in 
Fig. 19 in which it is reflected into a direction nearly per- 
pendicular to the electric field similarly by the first reflec- 
tion film 71 , then it is reflected into a direction nearly 
perpendicular to the electric field by the second reflec- 
tion film 73, and so on, and eventually outputted to the 
external from a space between the second reflection film 
73 and the second electrode 27. 

[0151] While the laser light is multiply reflected in the 
electro-optic element 23 in this way, the signal electrode 
29 detects the electric field induced in and propagated 
through the living body 1 00 and couples this electric field 
to the electro-optic element 23 through the first elec- 
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trode 25. This electric field is formed from the first elec- 
trode 25 toward the second electrode 27 connected to 
the ground electrode 31, and because it is nearly per- 
pendicular to the propagating direction, i.e., the multiply 
reflected directions, of the laser light injected into the 
electro-optic element 23 from the laser diode 21 and 
muttiply reflected therein, the birefringence as the opti- 
cal characteristic of the electro-optic element 23 is 
changed, and as a result the polarization of the multiply 
reflected laser light is changed. 

[0152] The laser light with the polarization state 
changed while being multiply reflected and outputted 
from the electro-optic element 23 is then injected into 
the polarizing beam splitter 39 after its polarization state 
is adjusted by the second wave plate 37. The polarizing 
beam splitter 39 splits the laser light from the second 
wave plate 37 into the P-polarization component and the 
S-polarization component and converts them into the 
light intensity changes. The P-polarization component 
and the S-polarization component split from the laser 
light by the polarizing beam splitter 39 are respectively 
collected by the first and second focusing lenses 41a 
and 41 b and supplied into the first and second photodi- 
odes 43a and 43b such that the P-polarization light sig- 
nal and the S-polarization light signal are converted into 
the respective electric signals and outputted from the 
first and second photodiodes 43a and 43b. 
[0153] In this exemplary configuration, the laser light 
is multiply reflected within the electro-optic element 23 
so that it has a long optical path length for which it is 
influenced by the electric field, and therefore the large 
polarization change is caused to the laser light and the 
large signal can be obtained. Consequently, the suffi- 
cient sensitivity can be obtained even by the electro-op- 
tic element in a small size, so that it becomes possible 
to realize the electric field detecting optical device in a 
smaller size at low cost. 

[0154] Note that, it is also possible to modify this elec- 
tric field detecting optical device 15 of Fig. 19 such that 
the two non-opposing side faces of the electro-optic el- 
ement 23 are shaped obliquely with respect to the prop- 
agating direction of the laser light to form slope sections, 
so as to prevent the resonance due to the inverse piezo- 
electric effect of the electro-optic element 23, flatten the 
frequency characteristic, and prevent the communica- 
tion error due to the waveform distortion from occurring, 
similarly as in the cases of Fig. 16 and Fig. 18. 
[0155] As described, according to this embodiment, 
the electric field induced in and propagated through the 
electric field propagating medium is coupled to the elec- 
tro-optic element through the first electrode, the parallel 
beam is injected into this electro-optic element, and it is 
split into the P -polarization component and the S-polar- 
ization component, converted into the light intensity 
changes by the analyzer, and at least one of the P-po- 
larization component and the S-polarization component 
is converted into the electric signals and outputted, so 
that by applying this embodiment to the transceiver for 



the wearable computer, for example, it becomes possi- 
ble to properly carry out the communications among the 
wearable computers, which do not require any cable 
lines, which are free from the cross-talking with the other 
5 radio systems, and which do not depend on the Earth 
ground. 

[0156] Also, according to this embodiment, the elec- 
tric field induced in and propagated through the electric 
field propagating medium is coupled to the electro-optic 

10 element through the first electrode, the parallel beam is 
injected into this electro-optic element to make the re- 
flection or the multiple reflections, and the parallel beam 
outputted from the electro-optic element is split into the 
P-polarization component and the S-polarization com- 

15 ponent, converted into the light intensity changes, and 
at least one of the P-polarization component and the S- 
polarization component is converted into the electric sig- 
nals and outputted, so that by applying this embodiment 
to the transceiver for the wearable computer, for exam- 

20 pie, it becomes possible to properly carry out the com- 
munications among the wearable computers, which do 
not require any cable lines, which are free from the 
cross-talking with the other radio systems, and which do 
not depend on the Earth ground. 

25 [0157] In addition, the parallel beam is reflected or 
multiply reflected in the electro-optic element, so that it 
has a long optical path length for which it is influenced 
by the electric field, and therefore the large polarization 
change is caused to the laser light and the large signal 

30 can be obtained. Consequently, the sufficient sensitivity 
can be obtained even by the electro-optic element in a 
small size, so that it becomes possible to realize the 
electric field detecting optical device in a smaller size at 
low cost. 

35 [01 58] Referring now to Fig. 20 to Fig. 25, the fifth em- 
bodiment of the present invention related to the electric 
field detecting optica! device will be described in detail. 
[0159] Fig. 20 shows a first exemplary configuration 
of the electric field detecting optical device according to 

40 this embodiment. 

[0160] The electric field detecting optical device 11' of 
Fig. 20 is to be used as the electric field detecting optical 
unit 11 0 in the transceiver 3 of the first to third embodi- 
ments described above, in the case of putting the wear- 

45 able computer 1 on the living body 1 00 which is an elec- 
tric field propagating medium and enabling the data 
communications with the other wearable computers and 
data communication devices. 

[0161] The electric field detecting optical device 11' of 
so Fig. 20 detects the electric fields by the electro-optic 
method using laser lights and electro-optic crystals, and 
has a laser diode 21 constituting a laser light source and 
an electro-optic element 23 in a form of an electro-optic 
crystal. Note that the electro-optic element 23 of this em- 
55 bodiment is a longitudinal type electro-optic element 
which is sensitive only to electric fields coupled in a di- 
rection parallel to a propagating direction of the laser 
light from the laser diode 21 , where the optical charac- 
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teristic, i.e., the birefringence, is changed by the electric 
field strength and the polarization of the laser light is 
changed by the change of the birefringence, as indicat- 
ed in Fig. 20. 

[0162] Note also that the laser light outputted from the 
laser diode 21 is used in this embodiment, but it is not 
necessarily limited to the laser light and it suffices to be 
a single wavelength light, so that it is also possible to 
use the light outputted from a light emitting diode (LED), 
for example. This applies equally to the subsequent ex- 
emplary configurations of this embodiment as well. 
[0163] Also, the electro-optic element 23 preferably 
has a square pillar shape, but it is not necessarily limited 
to the square pillar shape and it may be any other shape 
such as a cylindrical shape. 

[0164] The laser light from the laser diode 21 is turned 
into the parallel beam by the collimating lens 33, passed 
through the optical isolator 61 formed by the first polar- 
izing beam splitter 53, the first wave plate 55 formed by 
the A/2 wave plate, the Faraday element 57, and the 
second polarizing beam splitter 59, and injected into the 
electro-optic element 23 after its polarization state is ad- 
justed by the second wave plate 63. Note that the po- 
larizing beam splitters 53 and 59 constitute the analyzer 
and are also called polarizers. 

[0165] On an end face of the electro-optic element 23 
opposite to the end face from which the laser light is 
injected, the first electrode 25 formed by a metallic mir- 
ror is provided such that the laser light injected into the 
electro-optic element 23 is reflected to a direction oppo- 
site to that of the injection direction by this first electrode 
25. Also, the first electrode 25 is connected to the signal 
electrode 29 that constitutes the reception electrode 
1 07, and this signal electrode 29 detects the electric field 
induced in and propagated through the living body 100 
and this electric field is coupled to the electro-optic ele- 
ment 23 through the first electrode 25. 
[0166] In the optical isolator 61, the first polarizing 
beam splitter 53 passes the laser light from the collimat- 
ing lens 33 while splitting the P-polarization component 
or the S-polarization component from the reflected light 
coming from the electro-optic element 23, converting it 
into the light intensity change and injecting it into the first 
focusing lens 41 a. The first wave plate 55 formed by the 
A/2 wave plate adjusts the polarization state of the laser 
light coming from the collimating lens 33 by passing 
through the first polarizing beam splitter 53 and the re- 
flected light coming from the electro-optic element 23. 
The Faraday element 57 rotates the polarization plane 
of the laser light with its polarization state adjusted by 
the first wave plate 55 and the reflected light coming 
from the electro-optic element 23. The second polariz- 
ing beam splitter 59 passes the laser light coming from 
the Faraday element 57 to the electro-optic element 23, 
while splitting the S-polarization component or the P- 
polarization component from the reflected light coming 
from the electro-optic element 23, converting it into the 
light intensity change and injecting it into the second fo- 



cusing lens 41b. 

[0167] In further detail, the optical isolator 61 passes 
the laser light coming from the collimating lens 33, and 
the second wave plate 63 adjusts the polarization state 
s of the laser light and injects rt into the electro-optic ele- 
ment 23. While this injected laser light propagates 
through the electro-optic element 23, the signal elec- 
trode 29 detects the electric field induced in and propa- 
gated through the living body 1 00 and couples this elec- 
10 trie field to the electro-optic element 23 through the first 
electrode 25. Because this electric field is parallel to the 
propagating direction of the laser light injected into the 
electro-optic element 23 from the laser diode 21 , the bi- 
refringence as the optical characteristic of the electro- 
's optic element 23 is changed, and as a result the polar- 
ization of the laser light is changed. 
[0168] The laser light with the polarization state 
changed as a result of passing through the electro-optic 
element 23 with the optical characteristic changed by 
the electric field is then reflected by the reflection film 
(the first electrode 25). The polarization state is similarly 
changed while returning in the opposite direction 
through the electro-optic element 23, and the laser light 
is outputted in a direction opposite to the injection direc- 
tion from the electro-optic element 23. This laser light 
outputted from the electro-optic element 23 is injected 
into the optical isolator 61 , split into the P-polarization 
component and the S-polarization component and con- 
verted into light intensity changes and outputted by the 
first and second polarizing beam splitters 53 and 59 of 
the optical isolator 61 . 

[0169] The P-polarization component and the S-po- 
larization component of the laser light outputted from the 
first and second polarizing beam splitters 53 and 59 of 
the optical isolator 61 in this way are then collected by 
the first and second focusing lenses 41a and 41b, and 
injected into the first and second photodiodes 43a and 
43b, where they are converted into electric signals and 
outputted. 

[0170] Note that, in this embodiment, both the P-po- 
larization component and the S-polarization component 
split by the polarizing beam splitters 53 and 59 are con- 
verted into the electric signals and outputted by the first 
and second photodiodes 43a and 43b respectively, but 
it is also possible to provide only one of the first and 
second photodiodes 43a and 43b and only one of the 
first and second focusing lenses 41a and 41b such that 
only one of the P-polarization component and the S-po- 
larization component is converted into the electric sig- 
nals and outputted. This also applies to the other exem- 
plary configurations of the electric field detecting optical 
device according to this embodiment. 
[0171] As described above, the electric signals out- 
putted from the first and second photodiodes 43a and 
43b are applied with the signal processings such as the 
amplification, the noise removal and the waveform 
shaping at the signal processing circuit 109 and then 
supplied to the wearable computer 1 through the I/O cir- 
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cuit 101. 

[0172] In this exemplary configuration, the laser light 
passes through the electro-optic element 23 back and 
forth by being reflected at the reflection film (the first 
electrode 25) so that it has a long optical path length for 
which it is influenced by the electric field, and therefore 
the large polarization change is caused to the laser light 
and the large signal can be obtained. Consequently, the 
sufficient sensitivity can be obtained even by the electro- 
optic element in a small size, so that it becomes possible 
to realize the electric field detecting optical device in a 
smaller size at low cost. 

[0173] Next, Fig. 21 shows a second exemplary con- 
figuration of the electric field detecting optical device ac- 
cording to this embodiment. 

[01 74] The electric field detecting optical device 1 2' of 
Fig. 21 differs from that of Fig. 20 in that the two non- 
opposing side faces 23a and 23b of the electro-optic el- 
ement 23 are shaped obliquely with respect to the prop- 
agating direction of the laser light to form slope sections. 
The rest of the configuration and the operation of the 
electric field detecting optical device 12' are the same 
as those of Fig. 20. 

[0175] The electro-optic element 23 has a property 
that, when the electric field is applied, it exhibits the phe- 
nomenon called inverse piezo- electric effect in which 
the crystal constituting the electro-optic element 23 is 
physically distorted. The polarization of the laser light is 
changed by the distortion due to this inverse piezo-elec- 
tric effect, but this change is usually small. However, 
when the electric field is changed at a certain frequency, 
the physical distortion of the electro-optic element 23 is 
also changed at that frequency, and when this change 
resonates with the distance between the opposing faces 
of the crystal, the effect becomes large and the polari- 
zation change becomes quite large. When such a res- 
onance occurs, the waveform will be distorted to cause 
the communication error. 

[0176] For this reason, in the electric field detecting 
optical device 12' of Fig. 21 , two non-opposing side fac- 
es 23a and 23b of the electro-optic element 23 are 
shaped obliquely in order to prevent such a resonance 
due to the inverse piezo-electric effect from occurring. 
Note that the slope angle with respect to the propagating 
direction of the laser light is preferably 0.5° to 1 .0°. By 
preventing the resonance by shaping the side faces 23a 
and 23b of the electro-optic element 23 obliquely in this 
way, it is possible to flatten the frequency characteristic, 
so that it becomes possible to surely prevent the com- 
munication error due to the waveform distortion. 
[0177] Next, Fig. 22 shows a third exemplary config- 
uration of the electric field detecting optical device ac- 
cording to this embodiment. 

[0178] The electric field detecting optical device 13' of 
Fig. 22 differs from that of Fig. 20 in that the second elec- 
trode 27 is provided on one side face of the electro-optic 
element 23, and this second electrode 27 is connected 
to the ground electrode 31 such that it functions as the 



ground electrode with respect to the first electrode 25. 
The rest of the configuration and the operation of the 
electric field detecting optical device 13' are the same 
as those of Fig. 20. 
5 [01 79] The second electrode 27 functions as a ground 
by being connected to a battery of the transceiver 3 or 
a large metal, for example, through the ground electrode 
31 , and plays a role of improving the coupling of the elec- 
tric field from the first electrode 25 to the electro-optic 
element 23. 

[0180] Next, Fig. 23 shows a fourth exemplary config- 
uration of the electric field detecting optical device ac- 
cording to this embodiment. 

[01 81 ] The electric field detecting optical device 1 4' of 
Fig. 23 differs from that of Fig. 20 in that a transparent 
second electrode 27a formed by ITO (Indium Tin Oxide) 
for example is provided between the electro-optic ele- 
ment 23 and the second wave plate 63, and this second 
electrode 27a is connected to the ground electrode 31 
such that it functions as the ground electrode with re- 
spect to the first electrode 25. The rest of the configu- 
ration and the operation of the electric field detecting 
optical device 1 3' are the same as those of Fig. 20. 
[0182] The second electrode 27a functions as a 
ground by being connected to a battery of the transceiv- 
er 3 or a large metal, for example, through the ground 
electrode 31 , and plays a role of improving the coupling 
of the electric field from the first electrode 25 to the elec- 
tro-optic element 23, similarly as in the case of Fig. 22. 
[0183] Note that the second electrode 27a is formed 
to be transparent so that it passes the laser light from 
the laser diode 21 and the reflected light from the elec- 
tro-optic element 23 as they are. 
[0184] Next, Fig. 24 shows a fifth exemplary configu- 
ration of the electric field detecting optical device ac- 
cording to this embodiment. 

[0185] The electric field detecting optica! device 1 6 of 
Fig. 24 is similar to that of Fig. 20 in that it has the laser 
diode 21 and the electro-optic element 23 and detects 
the electric fields by the electro-optic method, but differs 
from that of Fig. 20 in that, in contrast to the electric field 
detecting optical device 11' of Fig. 20 which is a reflec- 
tion type in which the laser light is reflected by a reflec- 
tion film (the first electrode 25) provided at the other end 
face of the electro-optic element 23 so as to pass the 
electro-optic element 23 back and forth , the electric field 
detecting optical device 16 of Fig. 24 is a transmission 
type in which the laser light from the laser diode 21 trans- 
mits through the electro-optic element 23. 
[0186] Note that the electro-optic element 23 is sen- 
sitive only to electric fields coupled in a direction parallel 
to a propagating direction of the laser light, and changes 
its optical characteristic according to the coupled elec- 
tric field strength similarly as in the above. 
[0187] In the electric field detecting optical device 1 6 
of Fig. 24, the laser light from the laser diode 21 is turned 
into parallel beam through the collimating lens 33, and 
injected into the electro-optic element 23 after its polar- 
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ization state is adjusted by the first wave plate 35. In this 
case, in order to generate the electric field parallel to the 
laser light in the electro-optic element 23, transparent 
first and second electrodes 25a and 27b formed by ITO 
for example are provided at two end faces of the electro- 
optic element 23, i.e., the injection end face and the out- 
put end face which is an end face opposing the injection 
end face, such that the laser light from the laser diode 
21 is injected into the electro-optic element 23 through 
the transparent first electrode 25a. 
[0188] The first electrode 25a and the second elec- 
trode 27b are connected to the signal electrode 29 and 
the ground electrode 31 respectively. The signal elec- 
trode 29 constitutes the reception electrode 1 07, which 
detects the electric fields induced in and propagated 
through the living body 100, propagates these electric 
fields to the first electrode 25a, and couples them to the 
electro-optic element 23 through the first electrode 25a. 
The second electrode 27b functions as a ground by be- 
ing connected to a battery of the transceiver 3 or a large 
metal, for example, through the ground electrode 31 and 
plays a role of improving the coupling of the electric field 
from the first electrode 25a to the electro-optic element 
23, but the second electrode 27b and the ground elec- 
trode 31 are not absolutely necessary. 
[0189] Note that, in the configuration described 
above, the first electrode 25a and the second electrode 
27b are arranged such that the first electrode 25a pro- 
vided on the injection end face of the electro-optic ele- 
ment 23 is connected to the signal electrode 29 so that 
the electric field is coupled to the electro-optic element 
23 from the signal electrode 29 through the first elec- 
trode 25a, while the second electrode 27b provided on 
the output end face is connected to the ground electrode 
31 , but the first electrode 25a and the second electrode 
27b may be interchanged. Namely, it is also possible to 
use a configuration in which the second electrode 27b 
is connected to the signal electrode 29 so that the elec- 
tric field is coupled to the electro-optic element 23 from 
the signal electrode 29 through the second electrode 
27b, while the first electrode 25a is connected to the 
ground electrode 31. 

[01 90] The laser light injected into the electro-optic el- 
ement 23 is propagated toward the second electrode 
27b on the output end face, and while this laser light is 
propagating, the signal electrode 29 detects the electric 
field induced in and propagated through the living body 
100 as described above and couples this electric field 
to the electro-optic element 23 through the first elec- 
trode 25a. This electric field is formed from the first elec- 
trode 25a toward the second electrode 27b connected 
to the ground electrode 31 , and because it is parallel to 
the propagating direction of the laser light injected into 
the electro-optic element 23 from the laser diode 21 , the 
birefringence as the optical characteristic of the electro- 
optic element 23 is changed as described above, and 
as a result the polarization of the laser light is changed. 
[0191] The laser light with the polarization changed 



by the electric field from the first electrode 25a in the 
electro-optic element 23 in this way is then outputted 
from the electro-optic element 23, passed through the 
transparent second electrode 27b, and injected into the 
s polarizing beam splitter 39 that constitutes an analyzer 
after its polarization state is adjusted by the second 
wave plate 37. 

[01 92] The polarizing beam splitter 39 splits the laser 
light into the P-polarization component and the S-polar- 

10 ization component and converts them into the light in- 
tensity changes. The P-polarization component and the 
S-polarization component split from the laser light by the 
polarizing beam splitter 39 are respectively collected by 
the first and second focusing lenses 41a and 41b and 

15 supplied into the first and second photodiodes 43a and 
43b that constitute the photo-electric conversion unit, 
such that the P-polarization light signal and the S-polar- 
ization light signal are converted into the respective 
electric signals and outputted from the first and second 

20 photodiodes 43a and 43b. 

[0193] As described above, the electric signals out- 
putted from the first and second photodiodes 43a and 
43b are applied with the signal processings such as the 
amplification, the noise removal and the waveform 

25 shaping at the signal processing circuit 109 and then 
supplied to the wearable computer 1 through the I/O cir- 
cuit 101. 

[0194] Note that, it is also possible to modify this elec- 
tric field detecting optical device 16 of Fig. 24 such that 

30 the two non-opposing side faces of the electro-optic el- 
ement 23 are shaped obliquely with respect to the prop- 
agating direction of the laser light to form slope sections, 
so as to prevent the resonance due to the inverse piezo- 
electric effect of the electro-optic element 23, flatten the 

35 frequency characteristic, and prevent the communica- 
tion error due to the waveform distortion from occurring, 
similarly as in the case of Fig. 21 . 
[0195] Next, Fig. 25 shows a sixth exemplary config- 
uration of the electric field detecting optical device ac- 

40 cording to this embodiment. 

[01 96] The electric field detecting optical device 1 5' of 
Fig. 25 is similar to that of Fig. 24 in that it has the laser 
diode 21 and the electro-optic element 23 and detects 
the electric fields by the electro-optic method, but differs 

45 from that of Fig. 24 in that, in contrastto the electric field 
detecting optical device 1 6 of Fig. 24 which is a straight 
transmission type in which the laser light transmits 
through the electro-optic element 23 straight, the elec- 
tric field detecting optical device 15' of Fig. 25 is a mul- 

50 tiple reflection transmission type in which the laser light 
transmits through the electro-optic element 23 while 
making multiple reflections. 

[01 97] Note that the electro-optic element 23 is basi- 
cally the same as before in that it has a sensitivity for 
55 the electric field parallel to the propagating direction of 
the laser light and changes its optical characteristic ac- 
cording to the coupled electric field strength similarly as 
in the above, but the propagating direction of the laser 
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light and the direction of the electric field need not be 
strictly parallel, and it suffices to be nearly parallel as 
shown in Fig. 25, i.e., it may be deviated somewhat from 
being strictly parallel. 

[0198] In order to make the multiple reflections of the 
laser light in the electro-optic element 23 while coupling 
the electric field nearly parallel with respect to the prop- 
agating direction of the multiply reflected laser light in 
this way, the electric field detecting optical device 1 5' of 
Fig. 25 has the first and second 25 and 27 formed by 
metallic mirrors provided on the injection end face and 
the other end face opposing the injection end face, re- 
spectively, such that the laser light injected from the la- 
ser diode 21 is multiply reflected between these first and 
second electrodes 25 and 27. 

[0199] Also, the first and second electrodes 25 and 
27 are connected to the signal electrode 29 and the 
ground electrode 31 respectively, similarly as in the 
above. Note that, in the configuration shown in Fig. 25, 
the second electrode 27 is provided on the end face from 
which the laser light is injected, and the first electrode 
25 is provided on the other end face opposing the injec- 
tion end face, but they can be interchanged. Also, the 
output end face of the laser light is set to be on the same 
side as the injection end face, but they may be set on 
different sides. 

[0200] In the configuration of Fig. 25, the laser light 
from the laser diode 21 is turned into the parallel beam 
by the collimating lens 33, and after its polarization state 
is adjusted by the first wave plate 35, it is injected into 
the electro-optic element 23. In this injection, the laser 
light is injected into the electro-optic element 23 from a 
portion near one edge of the injection end face on which 
the second electrode 27 is provided, for example, such 
that it is nearly parallel to the electric field between the 
first and second electrodes 25 and 27, multiply reflected 
by repeating the operation as shown in Fig. 25 in which 
it is reflected into a direction nearly parallel to the electric 
field similarly by the first electrode 25, then it is reflected 
into a direction nearly parallel to the electric field by the 
second electrode 27, and so on, and eventually output- 
ted to the external from a portion near another edge of 
the injection end face on which the second electrode 27 
is provided. 

[0201] While the laser light is multiply reflected in the 
electro-optic element 23 in this way, the signal electrode 
29 detects the electric field induced in and propagated 
through the living body 1 00 and couples this electric field 
to the electro-optic element 23 through the first elec- 
trode 25. This electric field is formed from the first elec- 
trode 25 toward the second electrode 27 connected to 
the ground electrode 31 , and because it is nearly parallel 
to the propagating direction, i.e., the multiply reflected 
directions, of the laser light injected into the electro-optic 
element 23 from the laser diode 21 and multiply reflect- 
ed therein, the birefringence as the optical characteristic 
of the electro-optic element 23 is changed, and as a re- 
sult the polarization of the multiply reflected laser light 



is changed. 

[0202] The laser light with the polarization state 
changed while being multiply reflected and outputted 
from the electro-optic element 23 is then injected into 
5 the polarizing beam splitter 39 that constitutes an ana- 
lyzer after its polarization state is adjusted by the second 
wave plate 37. The polarizing beam splitter 39 splits the 
laser light from the second wave plate 37 into the P- 
polarization component and the S-polarization compo- 
10 nent and converts them into the light intensity changes. 
The P-polarization component and the S-polarization 
component split from the laser light by the polarizing 
beam splitter 39 are respectively collected by the first 
and second focusing lenses 41 a and 41 b and supplied 
is into the first and second photodiodes 43a and 43b such 
that the P-polarization light signal and the S-polarization 
light signal are converted into the respective electric sig- 
nals and outputted from the first and second photodi- 
odes 43a and 43b. 

[0203] In this exemplary configuration, the laser light 
is multiply reflected within the electro-optic element 23 
so that it has a long optical path length for which it is 
influenced by the electric field, and therefore the large 
polarization change is caused to the laser light and the 
large signal can be obtained. Consequently, the suffi- 
cient sensitivity can be obtained even by the electro-op- 
tic element in a small size, so that it becomes possible 
to realize the electric field detecting optical device in a 
smaller size at low cost. 

[0204] Note that, it is also possible to modify this elec- 
tric field detecting optical device 15' of Fig. 25 such that 
the two non-opposing side faces of the electro-optic el- 
ement 23 are shaped obliquely with respect to the prop- 
agating direction of the laser light to form slope sections, 
so as to prevent the resonance due to the inverse piezo- 
electric effect of the electro-optic element 23, flatten the 
frequency characteristic, and prevent the communica- 
tion error due to the waveform distortion from occurring, 
similarly as in the case of Fig. 21 . 
[0205] As described, according to this embodiment, 
the electric field induced in and propagated through the 1 
electric field propagating medium is coupled to the elec- 
tro-optic element through the first electrode, the parallel 
beam is injected into this electro-optic element to make 
the reflection or the multiple reflections, and the parallel 
beam outputted from the electro-optic element is split 
into the P-polarization component and the S-polariza- 
tion component, converted into the light intensity chang- 
es, and at least one of the P-polarization component and 
the S-polarization component is converted into the elec- 
tric signals and outputted by the optical isolator, so that 
by applying this embodiment to the transceiver for the 
wearable computer, for example, it becomes possible to 
properly carry out the communications among the wear- 
able computers, which do not require any cable lines, 
which are free from the cross-talking with the other radio 
systems, and which do not depend on the Earth ground. 
[0206] In addition, the parallel beam is reflected or 
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multiply reflected in the electro-optic element, so that it 
has a long optical path length for which it is influenced 
by the electric field, and therefore the large polarization 
change is caused to the laser light and the large signal 
can be obtained. Consequently, the sufficient sensitivity 
can be obtained even by the electro-optic element in a 
small size, so that it becomes possible to realize the 
electric field detecting optical device in a smaller size at 
low cost. 

[0207] Also, according to this embodiment, the elec- 
tric field induced in and propagated through the electric 
field propagating medium is coupled to the electro-optic 
element through the first electrode, the parallel beam is 
injected into and passed through this electro-optic ele- 
ment, and the parallel beam outputted from this electro- 
optic element is split into the P-polarization component 
and the S-polarization component, converted into the 
light intensity changes by the analyzer, and at least one 
of the P-polarization component and the S-polarization 
component is converted into the electric signals and out- 
putted, so that by applying this embodiment to the trans- 
ceiver for the wearable computer, for example, it be- 
comes possible to properly carry out the communica- 
tions among the wearable computers, which do not re- 
quire any cable lines, which are free from the cross-talk- 
ing with the other radio systems, and which do not de- 
pend on the Earth ground. 

[0208] Also, according to this embodiment, the two 
non-opposing side faces of the electro-optic element are 
shaped obliquely with respect to the propagating direc- 
tion of the laser light, so that it is possible to surely pre- 
vent the resonance due to the inverse piezo-electric ef- 
fect of the electro-optic element, flatten the frequency 
characteristic, and prevent the communication error due 
to the waveform distortion from occurring. 
[0209] Referring now to Fig. 26 to Fig. 28, the sixth 
embodiment of the present invention related to the pho- 
todetection circuit will be described in detail. 
[0210] Fig. 26 shows a first exemplary configuration 
of the photodetection circuit according to this embodi- 
ment. 

[0211] The photodetection circuit of Fig. 26 is to be 
used as a unit for detecting the laser light that is split 
and outputted as the P-polarization component and the 
S-polarization component from the electric field detec- 
tion optical unit 110 of the transceiver 3 that is used for 
the data communications among the wearable comput- 
ers as described above, for example, and converting 
them into the electric signals. This photodetection circuit 
of Fig. 26 has first and second photodiodes 81 and 82 
as the first and second photo-electric conversion units 
for detecting the laser light that is outputted by being 
split into the P-polarization component and the S-polar- 
ization component outputted from the electric field de- 
tecting optical unit and converting them into the electric 
signals. 

[0212] The first and second photodiodes 81 and 82 
have their cathodes connected to first and second con- 



stant voltage sources 75 and 76 respectively, and their 
anodes grounded through a fixed resistor 77 and a var- 
iable resistor 78 r spectively to apply the inverse bias 
to the first and second photodiodes 81 and 82, such that 
5 when the lights are injected into the first and second 
photodiodes 81 and 82, the currents will be generated 
from the first and second photodiodes 81 and 82 and 
these currents will flow through the fixed resistor 77 and 
the variable resistor 78 to cause the voltage droppings. 
io [0213] Also, a contact point between the first photodi- 
ode 81 and the fixed resistor 77 and a contact point be- 
tween the second photodiode 82 and the variable resis- 
tor 78 are connected to inputs of a differential amplifier 
89, such that the voltages generated as a result of the 
15 voltage droppings caused at the fixed resistor 77 and 
the variable resistor 78 by the currents from the first and 
second photodiodes 81 and 82 will be entered into the 
differential amplifier 89 respectively 
[0214] In the photodetection circuit in the above de- 
scribed configuration, when the first and second photo- 
diodes 81 and 82 detect the laser lights in the opposite 
phases in forms of the P-polarization component and 
the S-polarization component from the electric field de- 
tecting optical unit respectively, the currents according 
to the intensity changes of the laser lights are generated, 
and these currents are flown through the fixed resistor 
77 and the variable resistor 78 respectively to cause the 
voltage droppings. The voltages generated at the fixed 
resistor 77 and the variable resistor 78 are applied to a 
non-inverted input and an inverted input of the differen- 
tial amplifier 89 respectively, to be differentially amplified 
by the differential amplifier 89. 

[0215] In the differential amplification at the differen- 
tial amplifier 89, the intensity changes of the laser lights 
entered into the first and second photodiodes 81 and 82 
have opposite phases, so that they are doubled in cor- 
respondence to a difference between the opposite 
phases at the differential amplifier 89 to output the nor- 
mal output signals. If noises are mixed into the laser 
lights themselves, such noises will normally have the 
same phase and the same level, so that they will be can- 
celled and removed at the differential amplifier 89 and 
not be outputted from the differential amplifier 89. 
[0216] However, as described above, the noises 
mixed into the output currents of the photodiodes 
through the metallic casings, for example, of the first and 
second photodiodes 81 and 82 are mixed at different 
noise levels in the first and second photodiodes 81 and 
82 depending on the positional relationships or the like 
between the noise sources and the first and second pho- 
todiodes 81 and 82, so that they cannot be removed in 
their original forms even by the differential amplifier 89 
and will be outputted as they are from the differential 
amplifier 89. 

[021 7] For this reason, in the exemplary configuration 
of Fig. 26, when the output currents of the first and sec- 
ond photodiodes 81 and 82 are deviated from the nom- 
inal current values that would have resulted without the 
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influence of the noises because of the noises mixed 
from the metallic casings or the like of the photodiodes 
such that the resulting voltages generated by the fixed 
resistor 77 and the variable resistor 78 are also deviated 
from the nominal voltage values, the deviated voltages 5 
are reduced or cancelled by adjusting the resistance val- 
ue of the variable resistor 78, such that the voltages gen- 
erated at the fixed resistor 77 and the variable resistor 
78 are corrected to the nominal voltage values without 
the influence of the noises and then entered into the dif- 
ferential amplifier 89, so as to remove the noises at dif- 
ferent levels that are mixed from the metallic casings or 
the like of the first and second photodiodes 81 and 82, 
for example. 

[021 8] Next, Fig. 27 shows a second exemplary con- 
figuration of the photodetection circuit according to this 
embodiment. 

[0219] The photodetection circuit of Fig. 27 differs 
from that of Fig. 26 in that the voltages to be entered 
into the differential amplifier 89 are adjusted by using a 
variable gain amplifier, instead of adjusting the voltages 
to be entered into the differential amplifier 89 by using 
the variable resistor 78. In the configuration of Fig. 27, 
a fixed resistor 79 is used instead of the variable resistor 
78 used in the configuration of Fig. 26, the voltage of 
the fixed resistor 77 is amplified by a fixed gain amplifier 
83 and entered into the differential amplifier 89 while the 
voltage of the fixed resistor 79 is amplified by a variable 
gain amplifier 84 and entered into the differential ampli- 
fier 89, and the gain of this variable gain amplifier 84 is 
adjusted by a gain control circuit 85. The rest of the con- 
figuration and the operation are the same as those of 
Fig. 26. 

[0220] Using this configuration, when the noises at 
different levels are mixed from the metallic casings or 
the like of the first and second photodiodes 81 and 82 
into the output currents of the photodiodes such that the 
resulting voltages generated at the fixed resistors 77 
and 79 are deviated from the nominal voltage values as 
described above, the deviated voltages are reduced or 
cancelled by adjusting the gain of the variable gain am- 
plifier 84, such that the voltages entered into the differ- 
ential amplifier 89 are corrected to the nominal voltage 
values without the influence of the noises, so as to re- 
move the noises at different levels that are mixed from 
the metallic casings or the like of the first and second 
photodiodes 81 and 82, for example. 
[0221 ] In the overall operation, when the first and sec- 
ond photodiodes 81 and 82 detect the laser lights in the 
opposite phases in forms of the P-polarization compo- 
nent and the S-polarization component from the electric 
field detecting optical unit respectively, the currents ac- 
cording to the intensity changes of these laser lights are 
generated, and these currents are flown through the 
fixed resistors 77 and 79 respectively to cause the volt- 
age droppings. Among the voltages generated at the 
fixed resistors 77 and 79, the voltage of the fixed resistor 
77 is amplified by the fixed gain amplifier 83 and entered 



into the differential amplifier 89, and the voltage of the 
fixed resistor 79 is amplified by the variable gain ampli- 
fier 84 and entered into the differential amplifier 89. 
Here, the laser lights have opposite phases, so thatthey 
are doubled and outputted from the differential amplifier 
89, while the noises mixed into the laser lights have the 
same phase and the same level so that they will be can- 
celled and removed at the differential amplifier 89. 
[0222] Also, when the noises at different levels are 
mixed from the metallic casings or the like of the photo- 
diodes 81 and 82 into the output currents of the photo- 
diodes such that the voltages generated by the fixed re- 
sistors 77 and 79 are deviated from the nominal voltage 
values due to the influence of the noises, the voltages 
due to the noises are removed or cancelled by adjusting 
the gain of the variable gain amplifier 84 in correspond- 
ence to the deviated voltages at the gain control circuit 
85, such that the voltages without the influence of the 
noises will be entered into the differentia! amplifier 89. 
[0223] Next, Fig. 28 shows a third exemplary config- 
uration of the photodetection circuit according to this 
embodiment. 

[0224] The photodetection circuit of Fig. 28 differs 
from that of Fig. 26 in that the fixed resistor 79 is used 
instead of the variable resistor 78 used in the configu- 
ration of Fig. 26 and a variable voltage source 76a is 
used instead of the second constant voltage source 76 
used in the configuration of Fig. 26, and the conversion 
efficiency of the photodiode is changed by varying the 
voltage of this variable voltage source 76a so as to ad- 
just the voltage generated at the fixed resistor 79 as a 
result. The rest of the configuration and the operation 
are the same as those of Fig. 26. 
[0225] Namely, as described with reference to Fig. 26 , 
when the noises at different levels are mixed from the 
metallic casings or the like of the first and second pho- 
todiodes 81 and 82 into the output currents of the pho- 
todiodes such that the resulting voltages generated at 
the fixed resistors 77 and 79 are deviated from the nom- 
inal voltage values, the deviated voltages are reduced 
or cancelled by adjusting the voltage of the variable volt- 
age source 76a, such that the voltages entered into the 
differential amplifier 89 are corrected to the nominal volt- 
age values without the influence of the noises, so as to 
remove the noises at different levels that are mixed from 
the metallic casings or the like of the first and second 
photodiodes 81 and 82, for example. 
[0226] Note that the above described exemplary con- 
figurations are directed to the cases of providing the var- 
iable resistor 78, the variable gain amplifier 84 and the 
gain control circuit 85, orthe variable voltage source 76a 
on the second photodiode 82 side among the first and 
second photodiodes 81 and 82, but this embodiment is 
not necessarily limited to these cases, and it is also pos- 
sible to provide them on the first photodiode 81 side or 
on both sides. In principle, it suffices to provide them at 
least on either one side. 

[0227] As described, according to this embodiment, 
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the electric signals obtained by the photo-electric con- 
version at the first and second photo-electric conversion 
units are converted into voltage signals and entered into 
a differential amplifier, and the voltage signals corre- 
sponding to the normal input lights are doubled and nor- 5 
mally outputted from the differential amplifier, while the 
voltages corresponding to the noises of the same phase 
and the same level that are mixed into the input lights 
are removed by the differential amplifier, and the noises 
at different levels that are mixed into the current signals 10 
or the voltage signals can be surely removed by adjust- 
ing the adjustment unit such asavari able resistor, a var- 
iable gain amplifier or a variable voltage source as much 
as the voltages deviated from the nominal voltage val- 
ues in correspondence to the noises. 15 
[0228] It is also to be noted that, besides those al- 
ready mentioned above, many modifications and varia- 
tions of the above embodiments may be made without 
departing from the novel and advantageous features of 
the present invention. Accordingly, all such modifica- 20 
tions and variations are intended to be included within 
the scope of the appended claims. 



Claims 25 

1. A transceiver for inducing electric fields based on 
data to be transmitted in an electric field propagat- 
ing medium and carrying out transmission and re- 
ception of data by using induced electric fields, 30 
comprising: 

a transmission electrode configured to induce 
the electric fields based on the data to be trans- 
mitted in the electric field propagating medium; 35 
a transmission circuit configured to supply 
transmission data for causing the transmission 
electrode to induce the electric fields based on 
the data to be transmitted in the electric field 
propagating medium, to the transmission elec- 40 
trode; and 

a transmission side switch configured to dis- 
connect the transmission circuit from the trans- 
mission electrode, when the transceiver is not 
in a transmission state in which the transmis- 45 
sion circuit is supplying the transmission data 
to the transmission electrode. 

2. The transceiver of claim 1 , further comprising: 

50 

a reception electrode configured to receive 
electric fields induced in and propagated 
through the electric field propagating medium; 
an electric field detection unit configured to de- 
tect received electric fields as received by the 55 
reception electrode, and convert the received 
electric fields into electric signals; 
a signal processing unit configured to process 



the electric signals from the electric field detec- 
tion unit and output processed electric signals; 
a reception side switch configured to discon- 
nect the electric field detection unit from the sig- 
nal processing unit or disconnect the signal 
processing unit from a circuit arranged subse- 
quent to the signal processing unit, when the 
transceiver is in the transmission state. 

3. The transceiver of claim 2, further comprising a sig- 
nal output unit configured to detect a start of data 
packets generated as the transmission data, and 
output a first level signal during a prescribed period 
of time since a start time of the data packets and a 
second level signal during times other than the pre- 
scribed period of time; 

wherein the reception side switch is an analog 
switch by which a signal path between the electric 
field detection unit and the signal processing unit or 
between the signal processing unit and the circuit 
arranged subsequent to the signal processing unit 
is turned OFF while the first level signal is outputted 
from the signal output unit, and turned ON while the 
second level signal is outputted from the signal out- 
put unit. 

4. The transceiver of claim 2, further comprising: 

a signal output unit configured to detect a start 
of data packets generated as the transmission 
data, and output a first level signal during a pre- 
scribed period of time since a start time of the 
data packets and a second level signal during 
times other than the prescribed period of time; 
and 

an electric field detection power control unit 
configured to stop power supply to the electric 
field detection unit so as to stop an operation 
of the electric field detection unit operable while 
the first level signal is outputted from the signal 
output unit, and supply power to the electric 
field detection unit so as to make the electric 
field detection unit operable while the second 
level signal is outputted from the signal output 
unit. 

5. The transceiver of claim 1 , further comprising a sig- 
nal output unit configured to detect a start of data 
packets generated as the transmission data, and 
output a first level signal during a prescribed period 
of time since a start time of the data packets and a 
second level signal during times other than the pre- 
scribed period of time; 

wherein the transmission side switch is an an- 
alog switch by which a signal path between the 
transmission circuit and the transmission electrode 
is turned ON while the first level signal is outputted 
from the signal output unit, and turned OFF while 
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the second level signal is outputted from the signal 
output unit. 

6. The transceiver of claim 5, further comprising a 
transmission power control unit configured to sup- 
ply power to the transmission circuit so as to make 
the transmission circuit operable while the first level 
signal is outputted from the signal output unit, and 
stop power supply to the transmission circuit so as 
to stop an operation of the transmission circuit while 
the second level signal is outputted from the signal 
output unit. 

7. A transceiver for inducing electric fields based on 
data to be transmitted in an electric field propagat- 
ing medium and carrying out transmission and re- 
ception of data by using induced electric fields, 
comprising: 

a transmission electrode configured to induce 
the electric fields based on the data to be trans- 
mitted in the electric field propagating medium; 
a transmission circuit configured to supply 
transmission data for causing the transmission 
electrode to induce the electric fields based on 
the data to be transmitted in the electric field 
propagating medium, to the transmission elec- 
trode; 

a reception electrode configured to receive 
electric fields induced in and propagated 
through the electric field propagating medium; 
an electric field detection unit configured to de- 
tect received electric fields as received by the 
reception electrode, and convert the received 
electric fields into electric signals by causing a 
resonance in an electro-optic element by using 
the received electric fields: 
a modulation circuit configured to modulate the 
transmission data by using resonant frequen- 
cies of the electro-optic element as modulation 
frequencies, and supply modulated transmis- 
sion data to the transmission circuit; and 
a demodulation circuit configured to demodu- 
late the electric signals from the electric field 
detection unit. 

8. The transceiver of claim 7, wherein the modulation 
circuit modulates the transmission data by using ar- 
bitrary two resonant frequencies of the electro-optic 
element as digital modulation frequencies corre- 
sponding to high level and low level of the transmis- 
sion data. 

9. A transceiver for inducing electric fields based on 
data to be transmitted in an electric field propagat- 
ing medium and carrying out transmission and re- 
ception of data by using induced electric fields, 
comprising: 



a light source configured to generate lights; 
an electric field detection unit configured to de- 
tect electric fields induced in and propagated 
through the electric field propagating medium 
5 by using lights from the light source, convert the 

electric fields into electric signals, and output 
the electric signals; and 

a control unit configured to control an operation 
of the light source according to an operation 
10 state of the transceiver. 

10. The transceiver of claim 9, wherein the control unit 
controls the operation of the light source according 
to the operation state of the transceiver which in- 

15 eludes a transmission state, a reception state, a 
waiting state, and a communicating mode state. 

1 1 . The transceiver of claim 9, wherein the control unit 
controls the light source to generate lights by sup- 

20 plying currents to the light source only when the op- 
eration state of the transceiver is a reception state. 

12. The transceiver of claim 9, wherein the control unit 
controls the light source to generate high power 

25 lights by supplying prescribed high level currents to 
the light source when the operation state of the 
transceiver is a reception state, and controls the 
light source to generate low power lights by supply- 
ing prescribed low level currents to the light source 

30 when the operation state of the transceiver is a state 
other than the reception state. 

13. The transceiver of claim 1 2, wherein the prescribed 
low level currents are minimum currents necessary 

35 for enabling the light source to generate the high 
power lights smoothly when the prescribed high lev- 
el currents are supplied in a state where the pre- 
scribed low level currents are supplied. 

40 14. The transceiver of claim 9, wherein the control unit 
controls the light source to generate full power lights 
by supplying prescribed high level currents to the 
light source when the operation state of the trans- 
ceiver is a reception state or a communicating mode 
45 state, and controls the light source to generate 
small power lights by supplying prescribed low level 
currents to the light source when the operation state 
of the transceiver is a state other than the reception 
state and the communicating mode state. 

50 

1 5. The transceiver of claim 1 4, wherein the prescribed 
low level currents are minimum currents necessary 
for enabling the light source to generate the high 
power lights smoothly when the prescribed high lev- 

55 el currents are supplied in a state where the pre- 
scribed low level currents are supplied. 

16. The transceiver of claim 9, wherein the light source 
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is a laser light source. 

17. The transceiver of any one of claims 2, 7 and 9, 
wherein the electric field detection unit comprises: 

5 

a light source configured to generate lights of a 
single wavelength; 

a collimating lens configured to turn lights from 
the light source into a parallel beam; 
an electro-optic element into which the parallel 10 
beam from the collimating lens is injected, 
which changes an optical characteristic accord- 
ing to electric fields coupled thereto; 
a coupling electrode configured to couple the 
electric fields induced in the electric field prop- 15 
agating medium to the electro-optic element, 
which is provided on one of opposing side faces 
of the electro-optic element that are located at 
positions for pinching the parallel beam propa- 
gating through the electro-optic element; 20 
an analyzer configured to split the parallel 
beam that passed the electro-optic element into 
P-polarization component and S-polarization 
component and convert the P-polarization 
component and the S-polarization component 25 
into light intensity changes; and 
a photo-electric conversion unit configured to 
convert at least one of the P-polarization com- 
ponent and the S-polarization component split 
by the analyzer into electric signals. 30 

18. The transceiver of claim 17, wherein the electric 
field detection unit further comprises at least one of: 

a first wave plate provided between the colli- 35 
mating lens and the electro-optic element, and 
configured to inject the parallel beam from the 
collimating lens into the electro-optic element 
after adjusting a polarization state of the paral- 
lel beam; 40 
another electrode provided on another one of 
the opposing side faces of the electro-optic el- 
ement and functioning as a ground electrode 
with respect to the coupling electrode 
a second wave plate provided between the 45 
electro-optic element and the analyzer, and 
configured to inject the parallel beam that 
passed the electro-optic element into the ana- 
lyzer after adjusting the polarization state of the 
parallel beam; and so 
another photo-electric conversion unit config- 
ured to convert another one of the P-polariza- 
tion component and the S-polarization compo- 
nent split by the analyzer into electric signals. 

55 

19. The transceiver of claim 17, wherein the analyzer 
is a polarizing beam splitter. 



20. The transceiver of claim 17, wherein two non-op- 
posing side faces of the electro-optic element are 
shaped obliquely with respect to a propagating di- 
rection of the parallel beam. 

21 . The transceiver of claim 1 7, wherein the electro-op- 
tic element changes the optical characteristic by 
sensing electric fields which are substantially per- 
pendicular to a propagating direction of the parallel 
beam. 

22. The transceiver of claim 17, wherein the light source 
is a light emitting diode for generating single wave- 
length lights or a laser light source for generating 
laser lights. 

23. The transceiver of any one of claims 2, 7 and 9, 
wherein the electric field detection unit comprises: 

a light source configured to generate lights of a 
single wavelength; 

a collimating lens configured to turn lights from 
the light source into a parallel beam; 
an electro-optic element into which the parallel 
beam from the collimating lens is injected, in 
which the parallel beam is multiply reflected 
and outputted, and which changes an optical 
characteristic according to electric fields cou- 
pled thereto; 

a coupling electrode configured to couple the 
electric fields induced in the electric field prop- 
agating medium to the electro-optic element, 
which is provided on one of opposing side faces 
of the electro-optic element that are located at 
positions for pinching the parallel beam that is 
multiply reflected in the electro-optic element; 
an analyzer configured to split the parallel 
beam that is outputted from the electro -optic el- 
ement into P-polarization component and S-po- 
larization component, and convert the P-polar- 
ization component and the S-polarization com- 
ponent into light intensity changes; and 
a photo-electric conversion unit configured to 
convert at least one of the P-polarization com- 
ponent and the S-polarization component split 
by the analyzer into electric signals. 

24. The transceiver of claim 23, wherein the electric 
field detection unit further comprises at least one of: 

a first wave plate provided between the colli- 
mating lens and the electro-optic element, and 
configured to inject the parallel beam from the 
collimating lens into the electro-optic element 
after adjusting a polarization state of the paral- 
lel beam; 

another electrode provided on another one of 
the opposing side faces of the electro-optic el- 
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ement and functioning as a ground electrode 
with respect to the coupling electrode 
a second wave plate provided between the 
electro-optic element and the analyzer, and 
configured to inject the parallel beam that 
passed the electro-optic element into the ana- 
lyzer after adjusting the polarization state of the 
parallel beam; and 

another photo-electric conversion unit config- 
ured to convert another one of the P-polariza- 
tion component and the S-polarization compo- 
nent split by the analyzer into electric signals. 

25. The transceiver of claim 23, wherein the electric 
field detection unit further comprises first and sec- 
ond reflection films provided on two side faces of 
the electro-optic element that are opposing to each 
other along an injection direction of the parallel 
beam, and configured to multiply reflect the parallel 
beam in the electro-optic element. 

26. The transceiver of claim 23, wherein the analyzer 
is a polarizing beam splitter. 

27. The transceiver of claim 23, wherein two non-op- 
posing side faces of the electro-optic element are 
shaped obliquely with respect to a propagating di- 
rection of the parallel beam. 

28. The transceiver of claim 23, wherein the electro-op- 
tic element changes the optical characteristic by 
sensing electric fields which are substantially per- 
pendicular to a propagating direction of the parallel 
beam. 

29. The transceiver of claim 23, wherein the light source 
is a light emitting diode for generating single wave- 
length lights or a laser light source for generating 
laser lights. 

30. The transceiver of any one of claims 2, 7 and 9, 
wherein the electric field detection unit comprises: 
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a coupling electrode configured to couple the 
electric fields induced in the electric field prop- 
agating medium to the electro-optic element, 
which is provided on one of opposing side faces 
of the electro-optic element that are located at 
positions for pinching the parallel beam that is 
multiply reflected in the electro-optic element; 
an optical isolator provided between the colli- 
mating lens and the electro-optic element, and 
configured to pass the parallel beam from the 
collimating lens and inject the parallel beam in- 
to the electro-optic element, split the parallel 
beam reflected by the reflection film and out- 
putted from the electro-optic element in an in- 
jection direction into P-polarization component 
and S-polarization component, and convert the 
P-polarization component and the S-polariza- 
tion component into light intensity changes; and 
a photo-electric conversion unit configured to 
convert at least one of the P-poiarization com- 
ponent and the S-polarization component split 
by the optical isolator into electric signals. 

31. The transceiver of claim 30, wherein the electric 
field detection unit further comprises at least one of: 

another electrode provided on another one of 
the opposing side faces of the electro-optic el- 
ement and functioning as a ground electrode 
with respect to the coupling electrode; 
another photo-electric conversion unit config- 
ured to convert another one of the P-polariza- 
tion component and the S-polarization compo- 
nent split by the optical isolator into electric sig- 
nals; and 

a wave plate provided between the optical iso- 
lator and the electro-optic element, and config- 
ured to adjust a polarization state of the parallel 
beam. 

32. The transceiver of claim 30, wherein the optical iso- 
lator further comprises: 



a light source configured to generate lights of a 
single wavelength; 45 
a collimating lens configured to turn lights from 
the light source into a parallel beam; 
an electro-optic element into which the parallel 
beam from the collimating lens is injected, in 
which the parallel beam is multiply reflected so 
and outputted, and which changes an optical 
characteristic according to electric fields cou- 
pled thereto; 

a reflection film provided on one end face of the 
electro-optic element that is opposing to an in- 55 
jection end face from which the parallel beam 
is injected, and configured to reflect the parallel 
beam; 



a first analyzer configured to pass the parallel 
beam from the collimating lens, split P-polari- 
zation component or S-polarization component 
from a reflected light from the electro-optic el- 
ement, and convert the P-polarization compo- 
nent or the S-polarization component into light 
intensity change; 

a wave plate configured to adjust polarization 
states of the parallel beam from the collimating 
lens that passed the first analyzer and the re- 
flected light from the electro-optic element; 
a Faraday element configured to rotate polari- 
zation planes of the parallel beam with a polar- 
ization state adjusted by the wave plate and the 
reflected light from the electro-optic element; 
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and 

a second analyzer provided between the Fara- 
day element and the electro-optic element, and 
configured to pass the parallel beam from the 
Faraday element to the electro-optic element, 
split the S-polarization component or the P-po- 
larization component from the reflected light 
from the electro-optic element, and convert the 
S-polarization component or the P-polarization 
component into light intensity change. 

33. The transceiver of claim 32, wherein the first ana- 
lyzer and the second analyzer are polarizing beam 
splitters. 

34. The transceiver of claim 30, wherein two non-op- 
posing side faces of the electro-optic element are 
shaped obliquely with respect to a propagating di- 
rection of the parallel beam. 

35. The transceiver of claim 30, wherein the electro-op- 
tic element changes the optical characteristic by 
sensing electric fields which are substantially per- 
pendicular to a propagating direction of the parallel 
beam. 

36. The transceiver of claim 30, wherein the light source 
is a light emitting diode for generating single wave- 
length lights or a laser light source for generating 
laser lights. 

37. The transceiver of any one of claims 2, 7 and 9, 
wherein the electric field detection unit comprises: 

a light source configured to generate lights of a 
single wavelength; 

a collimating lens configured to turn lights from 
the light source into a parallel beam; 
an electro-optic element into which the parallel 
beam from the collimating lens is injected, in 
which the parallel beam is multiply reflected 
and outputted, and which changes an optical 
characteristic according to electric fields cou- 
pled thereto; 

a reflection film provided on one end face of the 
electro-optic element that is opposing to an in- 
jection end face from which the parallel beam 
is injected, and configured to reflect the parallel 
beam; 

a coupling electrode provided on the one end 
face of the electro-optic element, and config- 
ured to reflect the parallel beam into a direction 
opposite \o an injection direction, and couple 
the electric fields induced in the electric field 
propagating medium to the electro-optic ele- 
ment; 

an optical isolator provided between the colli- 
mating lens and the electro-optic element, and 
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configured to pass the parallel beam from the 
collimating lens and inject the parallel beam in- 
to the electro-optic element, split the parallel 
beam reflected by the coupling electrode and 
outputted from the electro-optic element in an 
injection direction into P-polarization compo- 
nent and S-polarization component, and con- 
vert the P-poiarization component and the S- 
polarization component into light intensity 
changes; and 

a photo-electric conversion unit configured to 
convert at least one of the P-polarization com- 
ponent and the S-polarization component split 
by the optical isolator into electric signals. 

38. The transceiver of claim 37, wherein the optical iso- 
lator further comprises: 

a first analyzer configured to pass the parallel 
beam from the collimating lens, split P-polari- 
zation component or S-polarization component 
from a reflected light from the electro-optic el- 
ement, and convert the P-polarization compo- 
nent or the S-polarization component into light 
intensity change; 

a wave plate configured to adjust polarization 
states of the parallel beam from the collimating 
lens that passed the first analyzer and the re- 
flected light from the electro-optic element; 
a Faraday element configured to rotate polari- 
zation planes of the parallel beam with a polar- 
ization state adjusted by the wave plate and the 
reflected light from the electro-optic element; 
and 

a second analyzer provided between the Fara- 
day element and the electro-optic element, and 
configured to pass the parallel beam from the 
Faraday element to the electro-optic element, 
split the S-polarization component orthe P-po- 
larization component from the reflected light 
from the electro-optic element, and convert the 
S-polarization component orthe P-polarization 
component into light intensity change. 



45 39. The transceiver of claim 38, wherein the first ana- 
lyzer and the second analyzer are polarizing beam 
splitters. 

40. The transceiver of claim 37, wherein the electric 
so field detection unit further comprises at least one of: 

a wave plate provided between the optical iso- 
lator and the electro-optic element, and config- 
ured to adjust a polarization state of the parallel 
55 beam; and 

another photo-electric conversion unit config- 
ured to convert another one of the P-polariza- 
tion component and the S-polarization compo- 
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nent split by the optical isolator into electric sig- 
nals. 

41. The transceiver of claim 37, wherein the electric 
field detection unit further comprises another elec- 
trode provided on a side face of the electro-optic 
element and functioning as a ground electrode with 
respect to the coupling electrode. 

42. The transceiver of claim 37, wherein the electric 
field detection unit further comprises another trans- 
parent electrode provided on the injection end face, 
functioning as a ground electrode with respect to 
the coupling electrode, and capable of passing the 
parallel beam. 

43. The transceiver of claim 37, wherein two non-op- 
posing side faces of the electro-optic element are 
shaped obliquely with respect to a propagating di- 
rection of the parallel beam. 

44. The transceiver of claim 37, wherein the electro-op- 
tic element changes the optical characteristic by 
sensing electric fields which are substantially par- 
allel to a propagating direction of the parallel beam. 

45. The transceiver of claim 37, wherein the light source 
is a light emitting diode for generating single wave- 
length lights or a laser light source for generating 
laser lights. 

46. The transceiver of any one of claims 2, 7 and 9, 
wherein the electric field detection unit comprises: 



ponent and the S-polarization component split 
by the analyzer into electric signals. 

47. The transceiver of claim 46, wherein the electric 
5 field detection unit further comprises at least one of: 

a first wave plate provided between the colli- 
mating lens and the electro-optic element, and 
configured to adjust a polarization state of the 
10 parallel beam from the collimating lens; 

another electrode provided on another one of 
the injection end face and the another end face 
of the electro-optic element and functioning as 
a ground electrode with respect to the coupling 
electrode; 

a second wave plate provided between the 
electro-optic element and the analyzer, and 
configured to adjust a polarization state of the 
parallel beam that passed the electro-optic el- 
ement; and 

another photo-electric conversion unit config- 
ured to convert another one of the P-polariza- 
tion component and the S-polarization compo- 
nent split by the optical isolator into electric sig- 
nals. 

48. The transceiver of claim 46, wherein the analyzer 
is a polarizing beam splitter. 

49. The transceiver of claim 46, wherein two non-op- 
posing side faces of the electro-optic element are 
shaped obliquely with respect to a propagating di- 
rection of the parallel beam. 
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a light source configured to generate lights of a 35 
single wavelength; 

a collimating lens configured to turn lights from 
the light source into a parallel beam; 
an electro-optic element into which the parallel 
beam from the collimating lens is injected, *o 
which changes an optical characteristic accord- 
ing to electric fields coupled thereto; 
a transparent coupling electrode provided on 
one of an injection end face from which the par- 
allel beam is injected and another end face of 
the electro-optic element that is opposing to the 
injection end face, configured to couple the 
electric fields induced in the electric field prop- 
agating medium to the electro-optic element, 
and capable of passing the parallel beam; so 
an analyzer configured to split the parallel 
beam that passed the electro-optic element into 
P-polarization component and S-polarization 
component, and convert the P-polarization 
component and the S-polarization component 55 
into light intensity changes: and 
a photo-electric conversion unit configured to 
convert at least one of the P-polarization com- 



50. The transceiver of claim 46, wherein the electro-op- 
tic element changes the optical characteristic by 
sensing electric fields which are substantially par- 
allel to a propagating direction of the parallel beam. 

51 . The transceiver of claim 46, wherein the light source 
is a light emitting diode for generating single wave- 
length lights or a laser light source for generating 
laser lights. 

52. The transceiver of any one of claims 2, 7 and 9, 
wherein the electric field detection unit comprises: 

a light source configured to generate lights of a 
single wavelength: 

a collimating lens configured to turn lights from 
the light source into a parallel beam; 
an electro-optic element into which the parallel 
beam from the collimating lens is injected, in 
which the parallel beam is multiply reflected 
and outputted, and which changes an optical 
characteristic according to electric fields cou- 
pled thereto; 

a coupling electrode provided on one of an in- 
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jection end face from which the parallel b am 
is injected and another end face of the electro- 
optic element that is opposing to the injection 
end face, and configured to couple the electric 
fields induced in the electric field propagating 
medium to the electro-optic element; 
an analyzer configured to split the parallel 
beam that is outputtedfrom the electro-optic el- 
ement into P-polarization component and S-po- 
larization component, and convert the P-polar- 
ization component and the S-polarization com- 
ponent into light intensity changes; and 
a photo-electric conversion unit configured to 
convert at least one of the P-polarization com- 
ponent and the S-polarization component split 
by the analyzer into electric signals. 

53. The transceiver of claim 52, wherein the electric 
field detection unit further comprises at least one of: 

a first wave plate provided between the colli- 
mating lens and the electro-optic element, and 
configured to adjust a polarization state of the 
parallel beam from the collimating lens; 
another electrode provided on another one of 
the injection end face and the another end face 
of the electro-optic element and functioning as 
a ground electrode with respect to the coupling 
electrode; 

a second wave plate provided between the 
electro-optic element and the analyzer, and 
configured to adjust a polarization state of the 
parallel beam that passed the electro-optic el- 
ement; and 

another photo-electric conversion unit config- 
ured to convert another one of the P-polariza- 
tion component and the S-polarization compo- 
nent split by the optical isolator into electric sig- 
nals. 

54. The transceiver of claim 52, wherein the analyzer 
is a polarizing beam splitter. 

55. The transceiver of claim 52, wherein two non-op- 
posing side faces of the electro-optic element are 
shaped obliquely with respect to a propagating di- 
rection of the parallel beam. 

56. The transceiver of claim 52, wherein the electro-op- 
tic element changes the optical characteristic by 
sensing electric fields which are substantially par- 
allel to a propagating direction of the parallel beam. 

57. The transceiver of claim 52, wherein the light source 
is a light emitting diode for generating single wave- 
length lights or a laser light source for generating 
laser lights. 



58. The transceiver of any one of claims 2, 7 and 9, 
wherein the electric field detection unit has a pho- 
todetection circuit for detecting lights split into P-po- 
larization component and S-polarization compo- 

5 nent and converting the P-polarization component 

and the S-polarization component into electric sig- 
nals, and the photo detect ion circuit comprises: 

first and second photo-electric conversion units 
10 configured to detect lights of the P-polarization 

component and the S-polarization component 
and convert the P-polarization component and 
the S-polarization component into current sig- 
nals; 

15 first and second current-voltage conversion 

units connected to the first and second photo- 
electric conversion units respectively, and con- 
figured to convert the current signals from the 
first and second photo-electric conversion units 
20 into first and second voltage signals; 

an adjustment unit configured to adjust a mag- 
nitude of one of the first and second voltage sig- 
nals from the first and second current- voltage 
conversion units; and 
25 a differential amplifier configured to differential- 

ly amplify another one of the first and second 
voltage signals from the first and second cur- 
rent-voltage conversion units and said one of 
the first and second voltage signals whose 
30 magnitude is adjusted by the adjustment unit. 

59. The transceiver of claim 58, wherein the first and 
second photo-electric conversion units are photodi- 
odes. 

35 

60. The transceiver of any one of claims 2, 7 and 9, 
wherein the electric field detection unit has a pho- 
todetection circuit for detecting lights split into P-po- 
larization component and S-polarization compo- 

40 nent and converting the P-polarization component 
and the S-polarization component into electric sig- 
nals, and the photodetection circuit comprises: 

first and second photo-electric conversion units 
configured to detect lights of the P-polarization 
component and the S-polarization component 
and convert the P-polarization component and 
the S-polarization component into electric sig- 
nals; 

a fixed resistor connected to one of the first and 
second photo-electric conversion units, and 
configured to convert current signals from said 
one of the first and second photo-electric con- 
version units into first voltage signals; 
a variable resistor connected to another one of 
the first and second photo-electric conversion 
units, and configured to convert current signals 
from said another one of the first and second 
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photo-electric conversion units into second 
voltage signals whil adjusting a magnitude of 
the second voltage signals; 
a differential amplifier configured to differential- 
ly amplify the first and second voltage signals 5 
from the fixed resistor and the variable resistor. 

61. The transceiver of claim 60, wherein the first and 
second photo-electric conversion units are photodi- 
odes, 10 

62. The transceiver of any one of claims 2, 7 and 9, 
wherein the electric field detection unit has a pho- 
todetection circuit for detecting lights split into P-po- 
larization component and S-poiarization compo- is 
nent and converting the P-polarization component 
and the S-polarization component into electric sig- 
nals, and the photodetection circuit comprises: 

first and second photo-electric conversion units 20 
configured to detect lights of the P-polarization 
component and the S-polarization component 
and convert the P-polarization component and 
the S-polarization component into current sig- 
nals; 25 
first and second resistors connected to the first 65. 
and second photo-electric conversion units re- 
spectively, and configured to convert the cur- 
rent signals from the first and second photo- 
electric conversion units into first and second 30 
voltage signals; 

a fixed gain amplifier configured to amplify one 
of the first and second voltage signals from the 
first and second resistors at a fixed gain; 
a variable gain amplifier configured to amplify 35 
another one of the first and second voltage sig- 
nals from the first and second resistors at a var- 
iable gain; 

a gain control circuit configured to control the 
variable gain of the variable gain amplifier; and *o 
a differential amplifier configured to differential- 
ly amplify output signals from the fixed gain am- 
plifier and the variable gain amplifier. 



component and the S-polarization component 
and convert the P-polarizatlon component and 
the S-polarization component into current sig- 
nals; 

a constant voltage source connected to one of 
the first and second photo-electric conversion 
units, and configured to apply a reverse bias of 
a prescribed voltage to said one of the first and 
second photo-electric conversion units; 
a variable voltage source connected to another 
one of the first and second photo-electric con- 
version units, and configured to apply a reverse 
bias of a variable voltage to said another one 
of the first and second photo-electric conver- 
sion units; 

first and second resistors connected to the first 
and second photo-electric conversion units re- 
spectively, and configured to convert the cur- 
rent signals from the first and second photo- 
electric conversion units into first and second 
voltage signals; 

a differential amplifier configured to differential- 
ly amplify the first and second voltage signals 
from the first and second resistors. 

The transceiver of claim 64, wherein the first and 
second photo-electric conversion units are photodi- 
odes. 



63. The transceiver of claim 62, wherein the first and 45 
second photo-electric conversion units are photodi- 
odes. 



64. The transceiver of any one of claims 2, 7 and 9, 

wherein the electric field detection unit has a pho- 50 
todetection circuit for detecting lights split into P-po- 
larization component and S-polarization compo- 
nent and converting the P-polarization component 
and the S-polarization component into electric sig- 
nals, and the photodetection circuit comprises: 55 

first and second photo-electric conversion units 
configured to detect lights of the P-polarization 
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